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AL ASKA-YUKON MAGAZlNPl
lwrg" into the water$ of the st ream. These
tmn·ring: monntai n::;, deep gashed by can: nrh. the.:e magnificent ice cliffs w ith their
pri>matic hues, the crack and boom of falling heq!,, the rush and swirl of hasty
water.· tumbling over grea t boulders in
the bed of Copper R i\·er, constitute remarkable and inspm ng scenery, but
wherein are ther or any of them a part
of the story of the buildin g of the Copper
R i,·er a nd N or thwestern Railroad? Here·
in lies the unusual , unique problem of

321

it separates over ·the wide delta, below the
Sheridan glacier, dividing the carrying
power of its current. Furtber uP, at the
second point of cto5sin~ whete the river
is compressed into one channel l>ately 350
feet in width and the great Mile$ glacier, lesS> than three miles away1 dis-chargeS its 'mighty bergs ifttl) die swift
current, other defensive measures are to
be taken. %~evaux~d:e-frise of ~«Jnt:nt
and steel will stand a short di&btnce up
stream froni each pier.

Photo by E. A. Heg-g.
PREJGIIT T R .-\IX, COP P ER RIVE R AND NORTHWESTERN RAILROAD.

rail road engineering and construction,ho,,· to bu ild a brid ge that will stand the
impact of a thou and -ton iceberg.
:\h. .-\ . C. ()']'; ei l, superintendent of
hrid~e co nstru ct ion, is ·e ngaged in the solurion ot th i..; bridge problem.
H e hm: introdu ced th e novel fea ture of
armc.rin1-! his pins " ·ith sharp stee l faces,
\\'hirh " ·il l catch and sh;:tte r the ice
heime it ..;trikes the ceme nt p ie r. This
.Jn in· i~ used in the II rst bri dges ac ross
the 'e' era] di ,·i-.ion..: of th e ri1·er wh en:-

The first forty-nine miles of road is
completed, with the· exception of one
bridge, which will be' finished by fall.
The second bridge of the upper crossings_
will occupy more than another year
in its construction. Three cement pic;rs
and two bulkheads will form the found3tion for this great steel structure, whifh
will span the river at a height of about
350 feet above its surfac.e to allow am~le
space underneath for passing icebergs.
C aissons are used in constructing the

OPINION

A Matter of Economics
by lee leonard
As I listefled to economist Arion
Tussing speak, my eyes kept wandering
around the lecture room. It was a near
capacity crowd; apparently it had been a
mistake to think that only a few people
would be interested in a planning confer·
ence for geothermal and wind resources
in Alaska. Practically every discipline and
field of interest was represented
from
engineer to economist, from bureaucrat
to homesteader. Each had taken the time
to come to Anchorage in mid-summer
the busiest time of year - from the farthest points of the State, and the
question came to me: Why?
Dr. Tussing was reviewing the economics of Alaska's energy usage, past and
present, and as he talked about wellhead
costs, royalty allotments, petro-dollars
and the like, the economic future of
geothermal and wind energy in Alaska
was looking very bleak indeed - and I
continued to survey the room.
The Anchorage Westward is a very
impressive place. The floor of the lecture
hall was covered with a sumptuous carpet
of resilient polyester material. The
massive synthetic tapestries on the walls,
which were framed in urethaned veneers,
complemented the colored tones of the
carpet. Within the chamber of the room,
the acoustic properties of styrene and
other plastics filtered all but the speaker's
voice while outside, the traffic scrambled
over the asphalt boulevards of downtown
Anchorage.
The lecture continued, with a logical
explanation of why the more industrial·
ized rail belt was probably a poor choice
for geothermal and wind power develop·
ment because of lower transportation
costs and the availability of coal and
petroleum. In bush areas, however, it
seemed more likely. I began wondering
how many people in the room were looking at the scenery and not paying the
speaker the attention due him. I noticed
several of the attendants as their eyes
wandered and they adjusted creases in
the permanent press slacks. He's got
them, I thought to myself, for how
Vol. 7,No. 2

could anyone hear such a complete
argument while seated in such an environment and fail to be convinced.
The session adjourned for a coffee
break. I contemplated how many of
those present, those people who had not
had much exposure to the economic
arguments against alternate energy
sources, would have their hopes dashed
by Dr. Tussing's very thorough treatment.
I wondered how many would return
after the break. But when the session
resumed, the crowd had increased and,
apparently, no one had been scared off.
I must admit that, up until that day at
the conference, I would have agreed
with Dr. Tussing that geothermal and
wind energy would be fine for a few
places, but, in general, the economics
were such that they wouldn't be practical
for most areas even though the resource
potential was good. But after talking
with several people at the conference, I
began to take another look. I remember
one man saying, "I've got nothing against
oil, but if the price is going to double
every couple of years, I'd rather be paying a little more now and still be paying
the same thing five years down the line."
It was becoming clear that as far as
alternate energy sources were concerned,
it wasn't just the matter of arithmetic
that the economists suggest. And that is
the other thing wrong with a purely
economic evaluation of an idea: it fails to
evaluate the level of confidence people
place in the idea. Apparently the average
man's confidence in the oil and gas
solution to the energy problem is at a
low ebb, for example. But experts
seldom attach dollar signs to this pos·
sibility. The process of bringing resources
from the raw state through refinement
and to the consumer has become too
complex, too intangible for most people
to grasp. As people are turning to natural,
unadulturated foods, so too many are
looking for a way off the petroleum
merry-go-round.
I don't mean to down-play the
importance of gas or oil, but perhaps
2

they have become a bit too universal, too
much the be all and end all of our
physical way of life. We are putting ou{
eggs in too few baskets and regardless of
the present economics, this sense of complete dependency is unsettling to the
individual, especially to the individual
Alaskan who often has a greater awareness of his or her independence than does
the resident of the other states. "Energy
Independence" in the near future is just
so much rhetoric for the nation as a
whole at this point; the inertia of the
existing system is simply too great. But if
the phrase is ever to be more than
political verbiage, we have to start somewhere. Alaska has the resources to be
that place
a limited amount of fossil
fuel processing within this State, coupled
with an aggressive program of renewable
energy research and development, could
make Alaska "energy independent" with·
in a few years. The money could, of
course, come from the sale of our nonrenewable resources, the bulk of which
will be leaving the State in any case. But
if and when our exports do run out, we'll
not need to go begging. As one bush
resident told me, "If they had put as
much effort into wind mills as they have
into the snow machine, I'd still be feeding a dog team, but fish I can get. Yet
where do I get the money to pay my
light bill at the end of the month?"
The State's administration will be
digesting the views and opinions
expressed at the Alaska Geothermal and
Wind Planning Conference held this past
July. From this conference, officials will
formulate a plan and that is good. A lot
of people are ready for some construc·
tive action to reduce our dependence on
oil. The plan for geothermal and wind
could be the beginning of such action.
For too long we Alaskans have been
sighting down a single pipeline. It's
important, I know, but it can be hard on
the eyes: it can cause a disease known as
"tunnel vision."
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Central Community Facility. Emmonak. Note drainage problems in the village during Spring break-up.

Alaska Village
Demonstration Project
by Bertold Puchtler
and
Barry H. Reid

BACKGROUND
In 1970 the U.S. Congress called upon
the Federal Water Quality Administration,
now the Environmental Protection
Agency (EPA). to demonstrate methods
to improve environmental health conditions in native villages of Alaska. The
need for such improvement was, and still
is, great. Seventy per cent of Alaska's

Vol. 7, No.2

natives live in small villages where safe
water is seldom obtainable and where
waste disposal can seldom be accomplished
adequately without special
facilities for treatment.
Typical sources of drinking water are
streams, ponds or summer rain. Many of
the ponds and streams are stagnant and
contaminated. In areas underlain by
5

permafrost, wells are generally unproductive. During the winter, villagers cut ice
and melt it· at home in discarded fuel
drums.
Simple methods of waste disposal are
often not possible because of unfavorable
terrain and soil conditions. Many villages
are subject to annual flooding. Waste
from latrines and dumps re-emerges durThe Northern Engineer

ing these flood periods and is spread
throughout the towns. A few communities
with easy access to empty fuel drums
store "honey bucket" wastes in these
drums and they are then placed some
distance from the homes. During the
summer months, the stench can be annoying and pervasive. In early spring, the
frozen drums are hauled out onto the
ocean ice or onto "lagoons" for disposal.
Health hazards associated with this
practice are serious. Partly as a result of
these adverse conditions, the lire expectancy among Alaska Natives is significantly lower than that of other Americans
(Federal Field Committee for Development Planning in Alaska, October 1968).
The difficulties of arriving at satisfactory, practical solutions to water supply
and waste disposal problems in such
locations are as great as the need. Water is
in the frozen state most of the year. The
processes by which wastes naturally tend
to decompose are interrupted or seriously
retarded by the prolonged cold. The icecover on streams and lakes substantially
diminishes the capacity of waters to
accommodate oxygen demands associated
with discharge of organic wastes. At many
villages, simple methods of treatment,
such as lagooning, are not possible because of the unsuitable terrain, the soil
conditions and the extreme climate.
Similar constraints, plus high costs, apply
to the installation of water mains and
sewers.
Environmental and logistic limitations
all have the effect of making any improvement of environmental health standards
in the bush very costly. In addition, funds
for the establishment and maintenance of
utility systems are not generally available
in the villages and must come from outside sources. Under these conditions,
basic standards can be achieved only
through the exploration of new service
concepts, the ,application of unconventional techniques and the creation of
new institutions.
These are some of the pressing
problems and considerations which stimulated the legislation for the Alaska Village
Demonstration Projects (AVDP; Public
Law 92-500, Section 113). which called
for the design and construction of one or
more central community facilities to
demonstrate methods which "provide for
safe water and the elimination or control
Vol. 7, No.2

of water pollution in those native villages
in Alaska without such facilities." Provisions for bathing and laundering were to
be included. Health and hygiene-related
educational and training programs were
authorized. Furthermore, the projects
were to result in the development of
preliminary plans for providing safe water
and controlling pollution in all Alaskan
native villages.
The legislative intent was to demonstrate methods of meeting the waterrelated service needs of a village at a
central community facility; this was as an
alternative to the more conventional
approach of extending full-scale water
and sewage service to all homes. A
secondary directive was that the facilities
be modular in design to permit easy
transport and quick installation. This
would reduce the construction costs and
also leave open the possibility of relocating a facility in case the village, at some·
future date, moved to a better site. Hope
was expressed that the project would be

completed in two years, that several
prototype designs would become available which met the requirements of most
Alaska villages, and that the initial
authorization of $1 million would be
sufficient for four or five installations.
Early in the project it became apparent
that these expectations were not realistic.
It was found that additional funds would
be required to complete just two installations. In 1972, another $1 million was
authorized and appropriated to continue
the work.
PROJECT IMPLEMENTATION
After extensive consultation with
regional native leaders and village councils,
central community facilities were constructed at both Emmonak and Wainwright with assistance provided by the
U.S. Public Health Service (PHS) and in
agreement with the State of Alaska. The
Emmonak facility became partially operational in December 1972 and provided
potable water, bathing, and laundromat

Central Community Facility, Wainwright.
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service to the community. Waste treatment components were completed in
March 1975, making the facility fully
operational. The Wainwright facility was
in service only 8 months when it was
destroyed by a fire in November 1973. In
February 1975, a contract was awarded
which is expected to lead to the completion of a redesigned facil ity at Wainwright
by April 1976.1
Design and construction of the initial
facilities at Wainwright and Emmonak
were accomplished through research-and
development-type contracts (cost plus
fixed fee) with two companies that had
been selected on the basis of conceptual
and business proposals from over twenty
other firms.2 The required sub-systems
were outlined, and the design, based
mostly upon the use of "off-the·shelf"
equipment and methods, proceeded from
that point.
Component sub-systems of AVDP included:
* Structure
* Utiliduct to school
* Vehicular distribution and
pickup
* Heating and ventilation
* Potable water treatment
* Graywater treatment

Water delivery vehicle, furnished by the U.S. Public Health Service, at Wainwright.

authorization.
The structures were of modular construction and of minimal size since the
efficient use of space was a goal. The
design used arctic engineering principles
* Blackwater treatment
for heating, ventilation, vapor barriers,
* Solid waste incineration/
foundations and siting. Trade-offs were
disposal
made between the most desirable specifi* Laundry
cations and those which were actually
*Personal hygiene:
applied so that capital and operating
Showers
costs would · be limited to meet the
Saunas
To a limited extent, these sub-systems legislative direction.
To increase the flexibility in schedulwere integrated to provide a more
ing
shipments, the building modules were
efficient overall system than would be
possible using the separate processes. Be- sized so that they could be transported
cause of the restrictive time and budget by Hercules C-130 aircraft. In the case of
allowed for the work, only limited the Wainwright and Emmonak facilities,
integration was employed. Full integra- ' however, transportation was actually
tion for a system of this type should be accomplished by ship and barge.
The modular approach to construction
modeled and might include other factors
such as community population, physical at remote sites holds the potential of
size and housing type (Dajan i et al., achieving a higher degree of quality
September 1973). Such an undertaking control than is usually possible when
was beyond the scope of the AVDP using "stick build" techniques, because

the construction is essentially completed
under factory conditions. This can also
reduce contingency costs and cut down
on the time spent in plant start-up since
the pre - installed equipment can be
factory-tested. As a result, any malfunctions can be corrected before shipping the
building modules to the site (Floyd, Fall
1974). Size and weight limitations of the
modules, however, can restrict the use of
some equipment items, and the long time
required in the manufacturing process is a
real disadvantage when an annual date
for ship or barge departure must be met.
TREATMENT PROCESS
Water, its use and its by-products are
the real heart for the AVDP; consequently, the greatest emphasis was placed
on the sub-systems for treating, distributing and disposing of water. Conceptually,
the facilities were designed to be installed
in any village which lacked sanitation or
water treatment facilities. Therefore,

1 Initial project results were formally reported to Congress in July 1973 (EPA , July 1, 1973). A report of more detailed findings
and recommendations is expected to be submitted to the Congress in December of this year.
2 WasteCo, Inc. , Tualatin , Oregon, was selected to design and build the facility at Wainwright. Bionomics, Inc., Westchester, Pa.,
furnished the services at Emmonak. Stefano and Associates in Anchorage were engaged to design a facility suitable for smaller
villages. Negotiations are in process for this design to be completed.
Vol. 7, No. 2
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treatment units were selected which
could handle a wide range of raw water
characteristics.
Potable water treatment consists of
coagulation, sedimentation, filtration and
disinfection. To date, the few measurements which have been made indicate
that this treatment process is very
adequate in terms of U.S. PHS Drinking
Water Standards. Disinfection is accomplished by dosing the water with
hypochlorite as the last step in the treatment sequence.
At Emmonak, water is taken from
Kwiguk Pass, a branch of the Yukon
River, by means of a 700-foot heated
utiliduct. The treatment plant operates at
a rate of 7 gallons per minute upon
demand. Surges are met by storing
approximately 5000 g_allons of potable
water.

seems to be highest in late summer, and
so the tank is filled then from a small lake
about two miles from the village. The
water is pumped through irrigation pipe
by a portable, gasoline-powered pump.
Wainwright's raw water is of uniformly
high quality whereas the water at
Emmonak experiences the fl uctuations
imposed by the Yukon River. Still, both
treatment systems perform well , requiring
on ly basic operator attention.
A cost analysis of the system at Wainwright was made to verify the validity of
using the large storage tank. The analysis
indicated that, at the time of construction, there was an advantage of about
$3000 per year to the tank system compared to an ice harvest/melting alternative. Desalinizing sea water and using
ground water were given consideration,
but these were rejected on the basis of

~==============

simplifies their treatment and leaves a
graywater component (from laundry,
showers and other cleansing, but which is
free from excreta) wh ich can be treated
and recycled for all except potable uses.
Because of the absolute limit of available water at Wainwright each year, such
reuse of treated graywater is an import ant
consideration. The laundry there was
designed to use t reated graywater exclusively. The t reated graywater was
recycled about 2Y, t imes before its final
treatment and discharge.
The graywater treatment systems at
both locations consist of physicalchemical processes similar to those
applied in the treatment of potable
water. The major difference is in the
additional use of activated carbon in the
graywater t reatment system. Physicalchemical treatment equipment was selected because it is maintained and operated
more easily than an equivalent biological
system and because the physical-chemical
· process is less sensitive to shock-loading.
The blackwater, solid waste incineration and heating sub - systems are
integrated to improve energy eff iciency.
Solids separated from the raw blackwater
are incinerated along with other combust ible solids, and heat is extracted from
the flue gas for heating the structures. No
fina l analysis has been made of the cost
of this .process, but it is felt to be at least
competitive with alternative ones such as
the Porteous and Zimerman processes.3
EVALUATION

Ambrose Shorty and Donald Redfox from Emmonak practicing coliform testing under the
guidance of Dr. Ronald Gordon at the Arctic Environmental Research Laboratory at College,
Alaska.

Wainwright has no year-round source
of liquid water. A 1 million-gallon
storage tank, provided by the U.S. PHS,
is filled annually and serves as the community's year-round water source. The
quality of the water in the tundra lakes

higher operation and maintenance costs
and greater complexity.
The waste treatment systems were
designed for separate handling of blackwater and graywater. Keeping human
wastes (blackwater) in concentrated form

No attempt will be made here t o
present a full technical evaluation of the
two plants. Some operational observations, however, are in order. The Wainwright facil ity appears to have been well
designed and well built; it generally performed according to expectations. Because treated graywater at Wainwright
was being reused in the laundry, performance of the graywater treatment plant
was of part icular interest. Initially, plant
upsets occurred. These were caused by
biological growth and decomposition that
took place in the accumulated sludges in
spite of the disinfectants wh ich were
applied to the system. In addition, the

3 The Porteous Process, the Zimpro Process and other solids-handling methods are described by Russell and Gordon L. Colp in
Advanced Wastewater Treatment, New York, pp. 1 78-205, 1971.
Vol. 7, No. 2
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TABLE.1

SECOND GENERATION
FACILITY-WAINWRIGHT II

Performance of Physical-Chemical Graywater Treatment
at the
Original Wainwright Utilities Center

Color, PCU
Turbidity, JTU
COD, mg/1
Total Solids, mg/1
Suspended Solids, mg/1
Total Volatile Solids, mg/1
Volatile Susp. Solids, mg/1

Raw
Graywater

P-C
l?lant
Effluent

Carbon
Column
Effluent

Reduction
Percentage

35
200
840
1910
503
624
281

25
16
284
1670
25
304
16

5
10
25
1240
10
162
4

86
95
97
35
98
74
99

plant proved sensitive to influent temperature fluctuations. Modifications were
made to reduce these problems; however,
the system still required operator attention and could not be left running by
itself overnight. By the time of the fire, a
formal monitoring program had begun.
Between May and October 1973, data
were collected at five different times
when the plant was operating properly.
The results are summarized in Table 1
and must be considered as tentative.
Blackwater solids were analyzed and
found to contain about 6100 Btu/lb. It
was also shown that concentrating the
solids to about 15 per cent was not
difficult and could probably be improved
by selecting a better centrifuge type
(EPA, July 1973).

At Emmonak, because of poor contractor performance, the facility took a
long time to complete and was deficient
in several areas including the building
foundation. Initially, the facility was to
be furnished with a molten salt catalytic
combustor to handle sludge disposal and
to serve as the chief source of heat for
the building. ln early 1973, the contractor experienced developmental problems
with the unit and a conventional
incinerator had to be installed instead. A
comprehensive technical evaluation of all
sub~systems is now underway.
Because of the general dearth of
information on the composition of wastes
in Alaskan villages, an initial analysis of
Emmonak wastes is presented in Table 2.

In replacing the Wainwright facility,
several changes were made in procedure
and design. Experience with the project
had identified the important desirable
features of a central community facility.
On the basis of these features, design
and technical specifications were prepared under a conventional A&E contract
by CH 2 M/Hill in Anchorage. A firm price
contract for construction has been
awarded to Rudy Simone Construction
Company, Inc. of Bellevue, Washington.
After considering the need to rebuild
quickly and to provide more space, the
decision was made to house the new
facility in a prefabricated metal building
instead of modules. Experience with
interfacing the modules of the former
facility and the one at Emmonak showed
that providing for the relocation of this
type of facility was not a good criterion;
thus, the new plant was designed on the
assumption that it will be a permanent
one. The additional space in the new
facility will make the operation and
maintenance of the equipment easier
and will provide the public greater
comfort in the laundromat and bathing
areas.
Initially, no incinerator will be included. The North Slope Borough administration is investigating the use of local
coal to generate power in a plant to be

TABLE 2
Waste Characteristics at the Emmonak Utility Center*

pH

Turbidity
JTU

Total
Solids
mg/1

Susp.
Solids
mg/1

Total
Volatile
Solids
mg/1

Vol.
Susp.
Solids
mg/1

COD
mg/1

Conductivity
UMHO

7.5

95

1770

240

550

140

970

1370

(12)

(12)

(12)

(12)

(12)

(12)

(12)

(12)

Showers
(No. of
Samples)

6.6

85

810

160

275

120

500

670

(9)

(9)

(8)

(8)

(9)

(8)

(9)

(9)

Blackwater
(No. of
Samples)

7.0

8550

6000

8350

(7)

(7)

(7)

(7)

Wastewater
Source
Laundry
(No. of
Samples)

*All samples were grab samples. The blackwater samples were taken from the blackwater holding
tank at random times during blackwater processing.
9
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Emmonak: During a breakdown of the water distribution
here villagers are improvising to get water to their homes.

David Bodfish, Jr. preparing for
water delivery at Wainwright.

constructed adjacent to the central community facility. This plan has the
potential for creating an efficient, well
integrated utility complex at Wainwright.
Incineration can be accomplished more
economically in the power plant and large
quantities of waste heat will be available
for heating the adjacent public building.
In anticipation of this development,
Wainwright II was designed to permit
easy interfacing with a future power plant
to recover such waste heat. In the interim,
blackwater sludge disinfection experiments will be conducted by lime treatment to ph 11 (or higher). followed by
land disposal away from the village.
High fire risk areas in the original
Wainwright facility were equipped with
"Halon 1301" fire protection systems. To
further reduce the fire risk, significant
additional features have been incorporated in the new design. All wood that is
above the foundation will be treated with
fire retardant; walls will be covered with
type X or asbestos cement wallboard and
the facility will be protected throughout
with a sprinkler system.
Vol. 7, No.2

Potable water will be treated by
carbon adsorption, filtration and disinfection (sodium hypochlorite) since the raw
water is of uniformly high quality and
also since the system is designed for
Wainwright alone. Production capacity of
the potable water treatment plant will be
higher than that of the previous facility
and the storage capacity for treated
water will be greater.
Graywater treatment at Wainwright II
will substitute powdered carbon for
granular carbon. This change was made to
avoid the possible innoculation of the
recycle water system with microorganisms
which seem to thrive in carbon columns
(Wallis et al., 1974). This problem was
considered to be much less serious in the
potable water system because of the very
low incidence of bacteria in the raw
water and because of the filtration and
disinfection of the potable water subsequent to adsorption. The size of the
graywater treatment system was increased
to permit a greater use of the laundry,
which uses treated graywater. The storage
capacity for raw graywater was increased
10

so that laundry and shower water could
sit longer and cool off prior to its
treatment.
Another significant change in thE!
Wainwright II facility is the integration olf
the electric power generation. Power i!;
provided by a diesel generator which con·
sumes about two gallons of fuel per hour .
About 35 per cent of the thermal value o·f
this fuel is wasted in exhaust gases (Fink
et al., 1957). A heat recovery silencer ha:s
been added to the exhaust system and
interfaced with the building heatin!~
system to recover some of this waste
heat. At 40 per cent efficiency, the heat
recovery silencer should produce a savings of nearly 2400 gallons of fuel a year.
The current cost of stove oil at Wainwright is 911.~ per gallon.
SOCIAl, ECONOMIC AND
INSTITUTIONAl CONSIDERATIONS
The results of the project have been
encouraging in many ways. The facility
operators at Wainwright and Emmonak
have shown that the people of those
communities, if adequately trained, supported and paid, are capable of operating
and maintaining systems of rather
sophisticated equipment in their villages.
Also, it appears that villagers much value
the services now available to them.
According to the rate structures established by the city councils, Emmonak and
Wainwright residents pay from 3d to 8ri
per gallon for drinking water, depending
on whether it is purchased at the central
facility or delivered to their home.
The Northern Engineer

demands are minuscule compared to the
profligate use of water to which most
Americans have let themselves become
accustomed (USDA, Federal Water Quality Administration, December 1969).
With the installation of larger holding
tanks in the homes and improvements in
delivery, the total demand in the homes
can be expected to rise to 15 gpcd. The
water requirements of residents in the
vicinity of Fairbanks who have decided
to live in low-water use homes - where
water is delivered to a holding tank -do
not generally exceed that amount ..

, Clean youngsters at Emmonak.

Showers and saunas at Emmonak cost
$1.75 and laundromat charges are
comparable to those in downtown
Anchorage and Fairbanks.
Both installations aPe operated and
maintained by the respective village
councils under cost-sharing contracts with
EPA. Facility income at Emmonak is
currently averaging $3000 per month,
with the bulk of the revenue coming
from the use of the very popular saunas

capita per day (gpcd) at home. At
Emmonak, the figure for home consumption is slightly higher, and the total
comes to 6 gpcd including the water used
in the laundromat and the showers. These

In conjunction with low-water use
toilets in the homes, the quantities of
water and waste which require transporting are not excessive for a vehicular
delivery and pickup system to handle.
However, the costs of operating and
maintaining such vehicles is generally
high. For that reason, water and sewer
mains tend to be preferred even though
their installation costs can be extreme;
and in the case of a failure due to freezeup, major portions of the system can be
lost. Clearly there is no single best
method of accomplishing water distribution and the collection of wastes. One
reasonable way of resolving the issue of
whether vehicles or pipes should do the

($900/mo.), and from water sales to the
Bureau of Indian Affairs (BIA) School
($1000/mo.). With the blackwater and
graywater treatment components now
coming on line, and with full treatment
service soon to be furnished to the BIA
school, to the newly constructed high
school and to the Community Center,
that income can be expected to increase
significantly. Current operating costs of
the Emmonak facility average $6000 per
month. Fifty-five per cent of this covers
the wages of four employees, 30 per cent
is for fuel and electricity and the
remainder goes for supplies, material and
overhead items. These costs are expected
to rise as service is expanded .
Wainwright residents currently consume about two gallons of water per
Vol. 7, No.2
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job at any particular location would be
to compare the total costs involved by
considering the capital costs plus the
operation and maintenance expenses for
the life of the installation. In the
Canadian Northwest Territories, such
an approach in selecting the appropriate
system has been attempted by applying
the formula that the monthly amortization of the capital cost shall not exceed
the monthly operating costs (Department
of Local Government, Government of
the N.W.T., March 1973).

litter too thick, the task of fetching
water too burdensome, or the quality of
the local water too repulsive, people got
together and did something about it,
depending on their means. Such purely
local solutions, however, often had merely
the effect of transferring a local problem
beyond the immediate boundaries to be
dealt with by those who lived "downstream." In a world of rapidly mounting
population, locally adequate solutions to
handling wastes have generally become
inadequate when the well-being of entire
states or of the nation is considered. Thus,
state and national requirements have been
established and super imposed upon
locally felt needs. Federal and State discharge regulations apply equally to all
municipalities and communities in Alaska
from cities like Anchorage to pipeline
camps to small villages, from the well-todo to the poorest.
At some locations, lagoons can be
constructed which perform satisfactorily.
In the majority of cases, as in Emmonak
and Wainwright, waste treatment that is
in compliance with environmental regulations can be accomplished only through
the application of more complex
techniques. These are always less simple
than we would like them to be; and
without fail, they cost more to operate
and maintain than bush communities can
afford to pay.

In the case of new communities, providing conventional distribution and collections systems is a more practical
consideration than in existing settlements.
Taking Wainwright as a typical existing
community, the orderly routing of
utilities would not only be difficult, but
it would impose barriers to travel within
the village because the pipes cannot be
buried as in other regions. A map of
Wainwright (Figure 1) shows the problems of locating utilities. In this case, a
utilidor at least two miles in length would
be required. Assuming a heat loss of 10
Btu/hr per linear foot, the average cost of
heating utilidors (to 40° F) would be
$6000 per year. Pumping costs would be
expected to exceed $3100 annually for a
system of this kind. Finally, capital costs
of $75 per installed linear foot would
represent an annual value of about
$74,000 (based on an 8 per cent interest
rate for a 25-year period). From this
exercise, it is clear that a vehicular
distribution system with an annual cost
of, say $25,000 to $30,0'00 is a better
choice.
A more sensitive and important issue
than what method of water distribution
and waste collection shall be used is the

Given the small size and income level
of Alaska bush communities, Federal and
State monies will be needed, not only for
the construction of the facilities which
will allow these villages to comply with
existing waste disposal regulations, but
especially for the operation and maintenance of such installations.

degree to which wastes shall be given
treatment in the bush - and who should
pay for this. It has been suggested that
individual communities choose their own
treatment processes on the basis of what
they can afford (Buzzell, Fall 1974).
Traditionally, this has been the case.
Water supply and waste disposal systems
were established purely in response to
locally felt needs in accord with a community's own assessment of what it could
afford.
When the stench got too strong, the

The idea of coming to a community
center to do the laundry and to bathe
(instead of performing these functions in
the individual home where space is usually
at a premium) has proven acceptable to
the people of Wainwright and Emmonak.
On the basis of the villagers' positive
response to the AVDP facilities, the
Alaska Department of Environmental
Conservation has sponsored the installation of central community facilities as
adjuncts to new high schools in Nulato,
Selawik and Alakanuk. The U.S. PHS is
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constructing a plant similar to the ADVP
concept at Arctic Village.
The argument for simplicity in facilities designed to serve rural Alaska is a
very strong one. The products of sophisticated industrial technology cannot generally be expected to operate reliably in
isolation. Experience with the Demonstration Projects, the years of U.S. PHS
involvement in upgrading utility service in
villages, and the problems the Alaska
Village Electric Cooperative encounters
in furnishing electricity all indicate that
major efforts are required to overcome
the effects of climate and remote
location. Supportive institutions, similar
to those existing in relation to rural
schools, hospitals, and dispensaries, are
needed if full benefit is to be derived
from these substantial investments for
utilities in the bush (Puchtler, October
1973). Without such commitments, the
continued existence of many of the
facilities being constructed is precarious.
Finally, alternatives to existing institutional constraints on design must be
explored so that conditions which are
unique in rural Alaska can be better taken
into account. Factors such as population
density, isolation, character of receiving
waters, climatic conditions, and the
ability of the local communities to
financially support utility services should
all have a legitimate role in determining
what solutions should be applied.
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Water Power In
the Churchill River

Saskatchewan, Canada
by W. 0.

THE CHURCHILL RIVER BASIN
The drainage system of the Churchill
River Basin originates in eastern Alberta.
From there it flows for over 1,000 miles
across northern Saskatchewan and Manitoba to empty into Hudson Bay. The
basin, nearly 115,000 square miles in
area·, occupies three major regions. Its
Vol. 7,No. 2

~upsch,

R. W. Nordquist,
and 1\11. H. Allan

upper portion lies within the Interior
Plains. Its middle- and most extensive portion is part of the Precambrian or
Canadian Shield; its lower section is in
the lowland called the Hudson Region
(Figure 1 ).
Since 1930 the Churchill River, which
is the major stream of this basin in
13

Saskatchewan,. has supplied electrical
power to the town of Flin Flon,
Manitoba, where the Hudson Bay Mining
and Smelting Company operates a
smelter. The power plant, located at
Island Falls, Saskatchewan, has a 100
MW capacity. The present article deals
with the proposal to build another
hydro-electric station at Wintego Lake,
The Northern Engineer
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twenty miles upstream from island Falls.
ENERGY RESOURCES
OF SASKATCHEWAN

The Province of Saskatchewan can be
divided into a "southern" and a "northern" region. The boundary between these
regions is the contrasting natural vegetation of the Grasslands and the Boreal
Forest. It also closely coincides with the
continental, semi - arid climate of the
"southern" region and the subarctic, subhumid climate of the "northern"
(Figure 2).
Figure 2 also shows the distribution of
Saskatchewan's energy sources while
Table 1 gives the estimates of their availability. Together, they show that coal is
the greatest source of energy and that the
Vol. 7, No.2
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Saskatchewan's Energy Resources.

reserves presently being exploited occur
in the south where the demand for
energy is the greatest. Oil and natural gas,
also concentrated in the south, account
for only about 8 per cent of the energy
used in the province. Moreover, because
they can be more profitably used in other
ways, their use as a fuel to fire steam
generators for electricity is rapidly becoming not only uneconomical but
also unwise. Accordingly, these sources
can be expected to be phased out.
Uranium deposits are confined to the
north. Most experts do not expect the
use of uranium in nuclear power plants
in the province for at least 15 years.
Water power is available both in the
northern and southern parts of the
province. A comparison of Tables 1 and 3
14

shows that, at present, only about 23
per cent of the available water power is
being exploited.
ELECTRICAL ENERGY
CONSUMPTION

Electrical energy in Saskatchewan is
provided to consumers by a public
utility, the Saskatchewan Power Corporation (SPC) and its subsidiary, North-Sask
Electric. Table 2 provides a break-down
of the energy consumers of 1974, which
shows that nearly 31 per cent of the electricity produced is used by the "large"
industrial sector. Within this sector, 44
per cent is consumed mainly by the
potash industry. In 1974, 54 per cent of
the energy that SPC supplied came from
hydro-power, and the remaining 11 per
The Northern Engineer

TABLE 1

third and fourth stages of the Poplar
River facility (each with a 300 MW
capacity).

Estimated Quantities of Energy in Saskatchewan, By Source

THE WINTEGO PROPOSAL
Estimated
Energy
Resources
(by 1061

Coal
Uranium cu 3o8)
Oil
Natural Gas (Proven)
(Potential)

Total
Heating
valv~
(10 Btu)

4,250 tons
85.5 lbs
824 bbls.
1,000 Mcf
1,000 Mcf

TOTAL
Hydroelectricity average annual
production (existing
and potential)
Conversion Factors:

59,500
17,100
4,944
1,000
1,000

71.2
20.5
5.9
1.2
1.2

83,544

100.0

10,470 kWh

1 barrel crude oil
1 ton lignite coal
1 Mcf natural gas
1 kWh
1 pound U308

cent from gas-/or oil-fired burners and
purchases from Manitoba (Table 3).
Electrical energy demand projections
by SPC predict an average annual growth
rate of 6 per cent for the next seven
years. The greatest increase is predicted
for the industrial sector, the least for the
residential (Figure 3). An independent
appraisal commissioned by the Churchill
River Study (CRS) concluded that the
SPC's growth rate curves are to be regarded as conservative, and that realistic
planning should take into account a
spectrum of curves ranging between 6
and 9 per cent. Figure 3 clearly demonstrates that the predictions for industry
dominate the forecasted consumption of
electrical energy. While an expansion of
the steel industry and an increased use of
electricity for pipeline pumping are reflected in the SPC demand projections,
some less probable developments, such as
the electrification of railroads, are not.
An increased use of electricity to heat
homes and offices can also be expected
to take place in the next 25 years or so as
diminishing reserves increase the price of
natural gas.
To meet the present and future demands, SPC has built or acquired several
plants in the province that use coal,
water, or gas and oil as energy sources.
Vol. 7, No.2

Percentage
of Total

6 x 106 Btu
14 x 106 Btu
1 x 106 Btu
3,413 Btu
200 X 106 Btu

Table 4 summarizes existing and future
plant capacity. Most recently (January
1975). the decision was made to authorize SPC to proceed with the construction
of a 300 MW electricai generating facility
at Poplar River which would use lignite
coal. Yet to be approved are the second,

The Island Falls hydro-electric plant
on the Churchill River became operational in 1930. Since then, records have
been kept of the reservoir's water level
elevation and of the amount of water
discharged below the dam. To regulate
the flow of water discharged from Reindeer River into Churchill River, the
Whitesand Dam was built in 1942 at the
outlet of Reindeer Lake (Figure 4).
Measurements, recorded since 1929, have
been made of Reindeer Lake's level and
of Reindeer River's flow at the locality
where Whitesand Dam was built. These
measurements are referred to as the
historic levels and flows. A computer
simulation model was devised to reconstruct the natura/levels and flows, which
are those measurements that would have
been observed at Island Falls and Whitesand Dam had no control structure been
built at the outlet of Reindeer Lake.
The average historic level of Reindeer
Lake is 1101.3 ft.; the average natural
low level is 1096.4 ft. The control structure at·Whitesand Dam raised the level of
Reindeer Lake during the period of
observation to 1104.5 ft.

TABLE 2
Electrical Energy Consumption, Saskatchewan
(in million kWh for the year 1974)

Percentage

Large Industrial
Pipelines
Oil wells and refmeries
Steel mill
Nine potash mines (44%)
Pulp mill
Others

1900

30.7
Small Industrial and
Commercial (incl. street lighting)

1800

29.0

Residential (Urban)

1000

16.1

Farm

800

12.9

Bulk sales (to Saskatoon and others)

700

11.3

6200

100.0

TOTAL
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TABLE 3

recommendations of the consultants,
power sites at lskwatam and Pita Lakes
were first suggested (Figure 4). However,
further studies revealed that the Wintego
proposal would be more advantageous.
This proposal calls for a powerhouse
located between Wintego and Pita Lakes,
20 miles west of Island Falls and 14 miles
downstream from the confluence of the
Churchill and Reindeer Rivers,. Wintego
reservoir would extend upstream to
Drinking Falls on the Churchill River and
include the 60-mile long Reindeer River.

Electrical Energy Production, Saskatchewan
(in million kWh for the year 1974)

Percentage of
Net System

Coal
Boundary Dam
Estevan
Queen Elizabeth (Saskatoon)

3,305
255
137

TOTAL

3,697

54

Reindeer Lake would then be used as a
storage reservoir. In order to create the
reservoir, the Churchill River must be
closed off by a series of dykes and a
main dam. One dyke would be built on
the north bank of the Churchill River and
six dykes would be located south of the
river.

Water
1,363
1,074

Squaw Rapids
Coteau Creek

35

2,437

TOTAL
Gas and oil

38
636
23
0.5
22
5
0.5

A. L. Cole (Saskatoon
Queen Elizabeth (Saskatoon)
Regina "A"
Regina "B"
Kindersley
Swift Current
Success

725

11

Gross Total Generated
Less Station Service

6,859
(330)

(5)

Net Total Generated
Net Purchased

6,529
344

5

6,873

100

TOTAL

Net System

In addition to the dykes at Wintego,
cut-off dykes would be built at Manawan,
south of lskwatam Lake, and at Frog
Portage south of Trade Lake. The dyke
at Frog Portage would have a control
structure to maintain the natural flow
into the Sturgeon-weir River system.
Portage facilities would continue to exist
(Figure 4).
The powerhouse would be built in a
low gap on the east side of Wintego Lake.
Power from the station would be transmitted to the community of Beatty by
means of an A C transmission line of
230 kV and then introduced into the

North Sask Electric
4

Northern Diesel Plants
Northern Purchases

6
6,883

Saskatchewan Total

At present, the averag~ elevation of
Wintego Lake is 1005 ft. The proposal by
the Saskatchewan Power Corporation for
a hydro-electric plant at Wintego would
raise this level 99.5 ft, creating a reservoir
with a full supply level of 1104.5 ft
above sea level. As this is the average
maximum historic level of Reindeer
Lake, no additional flooding would occur
on its shores. A total of 112 square miles
would be flooded along the Churchill
River up to Drinking Lake and along the
Reindeer River (Figure 4).
In 1969, SPC commissioned some
engineering consultants to study the
province's northern river system and to
report on the feasibility of its hydroelectric development. Based on the
Vol. 7, No.2
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Electric Energy Sales in Saskatchewan, actual and forecasted.
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TABLE 4
Electrical Generating Capacity in Saskatchewan, Present & Future
(in thousands of kW [MV] )
Percentage

A.

Under Development

Saskatchewan Power

Coal

Existing (as of January 1, 1975)

Boundary Dam

Coal
Boundary Dam
Estevan
Queen Elizabeth (Saskatoon)

582
70
132

Gas
70

Landis
TOTAL

48

784

TOTAL

370

Planned

Water
Squaw Rapids
Coteau Creek

Coal

280
187

TOTAL

A. L. Cole (Saskatoon)
Queen Elizabeth (Saskatoon)
Regina "A"
Regina "B"
Kindersley
Swift CUrrent
Success

108
100
65
23
29
12
45

Power Development $115,365,000
Access Facilities
1,667,000
Transmission
16,091,000
To this, costs for clearing the flooded
area will have to be added. Estimates for
a clearing program vary between $18 and

-r;-wo

Water
Wintego
Nipawin

300
250

B. Churchill River Power Corporation
Water
382

23

1,633

100

TOTAL

provincial grid .system (Figure 2). The
Wintego project would have an electrical
energy potential of 300 MW, the peak
station output. This would be 18 per cent
of the provincial capacity of 1633 MW
(Table 4). The Wintego hydro site could
lead to an actual capacity of 470 MW if
the Island Falls 100 MW station were included after it was refurbished to expand
its capacity an additional 70 MW. This
would then represent about 29 per cent
of the province's present capacity. Data
on the Wintego proposal are summarized
in Table 5. The following shows what the
Wintego proposal would cost, based on
1973 prices:

300
300
300
200

Poplar River Unit
Unit 2
Unit 3
Unit 4

29

467

Gas and Oil

Vol. 7, No.2

300

$37 million.
THE CHURCHILL RIVER STUDY
The Churchill River Study (CRS) is a
survey of that part of the Churchill River
Basin which will be affected by the
Wintego Proposal. It is to provide
evidence on which to predict economic,
social, and environmental changes that
may occur if the proposal is implemented.
CRS began fieldwork in the spring of
1973 with studies in archaeology, historical sites, geology, fisheries, wildlife,
water quality, recreation, hydrology,
mapping, forestry, sociology, and economics. The Study differs from other
similar impact studies in that it has been
undertaken before any decision has been
made - for or against - the proposed
development. In addition, the public has
full access to information at all stages of
investigation. This information is made
available to the people of Saskatchewan
through CAS's Public Participation
Program.

17

100

Island Falls

The Churchill River Study has a total
budget of $2.5 million. The Government
of Canada is contributing 50 per cent of
the sum, the Government of Saskatchewan 43 per cent, and Manitoba 7 per
cent.
REFERENCES
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TABLE 5
Wintego Proposal Data

Flows and Storage
Drainage area
Average runoff
Existing Storage on Reindeer Lake
Firm flow with Existing Storage
Wintego Storage
Full Service Level (FSL)
Low Service Level (LSL)
Maximum Drawdown
Live Storage
Dead Storage
Total
Firm Flow with Wintego Storage
Reservoir Area

Dr. Walter 0. Kupsch, Director of the Churchill
River Study, is a Professor with the Department of Geological Sciences, University of
Saskatchewan, Saskatoon. In 1974 he served as
chairman of the Board of Governors for the
Arctic Institute of North America. Presently he
will take over the editorship of Musk-Ox.

79,800 sq. miles
23,749 cfs
11,380,000 acre feet
16,200 cfs
1104.5 feet above sea level
109 6.0 feet above sea level
8.5 feet
12,980,000 acre feet
81,000,000 acre feet
93,980,000 acre feet
17,000 cfs
2,460 sq. miles

Ronald W. Nordquist is a hydro-electric design
engineer and head of the Civil Engineering
Department, Saskatchewan Power Corporation,
Regina.
Michael H. Allan is the Director of the Coal
and Environmental Programs, Saskatchewan
Power Corporation, Regina.

Dykes and Main Dam
Type
Free board

Rockfill with impervious Core
8 - 10 feet depending on location

Station (3 units)
Rated Net Head
Peak Station Output

104.5 feet
300MW

Turbines
Type
Output at Rated Head
Maximum Output (Single Unit)
Discharge at Rated Output
Synchronous Speed
Diameter

Fixed Blade Propeller
140,000 hp per unit
148,000 hp at 112 feet
Head per unit
12,800 cfs per unit
103 rpm
284 inches

Exiating Dams

Poopoood Dam Site.
Propoa8d Alt.ernative

Proposed Dykes
Falla and Rapids
Area to be Flooded

Generators
Rating

114 megavolt amperes (MVA)
13.8 kilovolt (kV)
60 cycle
0.9 power factor (PF)

Intake (per turbine)
Trash Racks

3 - 5 feet high x 21 feet wide
2 - 42 feet high x 20 feet wide

FIGURE 4. CRS Area of Immediate Impact.
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HISTORICAL ENGINEERING

by Woodrow Johansen

In the early 1900's, interest in the
resources of Alaska had reached such
proportions that the pros and cons of
developing them were being debated in
the national press and on the floors of
Congress. Prospecting and mining for
gold was at its height - Rampart,
lditarod, Tanana, Nome, the Koyukuk
and the Copper River were all being
worked; the Big Minook, Tramway Bar
and Cold Foot, Deadwood, Cleary,
Solomon and Big Hurrah were familiar
household words.
But in Southeast Alaska, Prince William Sound and in the Wrangell Mountains
at the headwaters of the Chitina River,
there were other men looking for the
base metals, principally copper. At the
time the Russians first discovered the
mouth of the Copper River and came in
contact with the Indians and Eskimos
there, it was known that native copper
had been found somewhere on the river.
Copper was an item of trade between the
Atna, the Eyak, and the Eskimo. Mr. C.
G. Holt, the trader for the Alaska Commercial Company at Nuchek, Hinchinbrook Island in 1885, had several items of
native copper: bullets, knives and arrow-_
heads.
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In 1884, Lt. Henry T. Allen was
ordered to make a reconnaissance of the
Copper and Tanana Rivers of Alaska. He
ascended the Copper River on the ice of
early spring to the mouth of the Chitina,
cached most of his supplies there at Taral
and then went up the Chitina to learn
something of this important tributary and
the stores of minerals existing on it. His
party located Nicoli, the proprietor of
Taral, who was the Tyone of the Chitina
and chief trader for the Atna. Allen found
him at his home on the north fork of
Chitina - the Chittystone River -which
was the source of native copper nuggets
of the Atna.
In· 1889, B. F. Millard, R. F. McClellan
and James McCarthy persuaded Chief
Nicoli, in consideration of gifts of food,
to show them the location of the fabled
mountain of copper. This proved to be a
bornite deposit of great size and value. To
these men, therefore, is due the credit for
the beginning of the development of
Central Alaska. The news of the richness
of the strike - the ore assayed 85% .
copper - soon spread along the entire
Pacific Coast. The enthusiasm which
greeted this discovery was probably
similar to the excitement that was created
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when oil was discovered at Prudhoe Bay.
Mr. C. L. Warner, Secretary to the
McClellan Prospecting Company wrote,
"We believe the Chitina copper belt is
beyond all doubt the largest and richest·
ever discovered." 1 Major W. R. Abercrombie in 1901, says, "Ordinarily, we
have been used to looking upon a mineralized zone as of some ten or twelve miles
in length; in the Wrangell group we have
almost a circle of eighty miles in diameter,
the mineralization of which is simply
marvelous, and yet, valuable as the concentrates are they are valueless commercially as so much sandstone, without
the aid of a railroad and a reduction
works." 2
In November of 1906 the Alaska
Syndicate, an organization composed of
the J. P. Morgan and Co. and M. Guggenheim and Sons- a partnership -acquired
a 40% interest in the Bonanza Copper
Mines. In the spring of 1909, this group
acquired the remaining 60%.
At this point it is necessary to discuss
the topography of Alaska and the possible
railroad routes into the Interior. It can be
seen from Figure 1 that the Gulf of
Alaska west of the Alaska-Canada Border
is ringed on the north by the St. Elias
Mountains, the Chugach Mountains and
farther north, the Alaska Range. Any railroad from the Gulf of Alaska into the
Wrangell Mountains to obtain a water
grade must go up the Copper River. Of
course, there is the Susitna River to the
west but it is too far west. There is the
Alsek to the east of Yakutat but its valley
is heavily glaciated and it has the disadvantage of passing through Canada.
There are four possible railroad routes
into the upper Copper River from the
coast. Two start from Valdez and go
through Keystone Canyon; one then
passes over Thompson Pass into the
Tsaina drainage and the other passes over
Marshall Pass into the Tasnuna drainage
and the Copper River. The steep, difficult
grades on each of these routes detracted
from their desirability. The two Copper
River routes -one from Cordova and one

from Katalla - presented the difficult
engineering problems of bridging the
Copper River between two active glaciers
and laying the tracks over the morainal
ice of Baird Glacier. Cordova had a deep,
well-protected harbor as did Valdez.
Katalla had the advantage of being
located at the Bering River Coal Fields
but it had no harbor. Many were the plans
to develop these fields and to build
smelters to refine the copper ore.
Valdez, which was billed as "the gateway to the Interior,' ~ was the harbor first
selected by the Guggenheims as the
terminus for their railway from the
Interior. However, with the development
of the Bering River Coal Fields, Mr. M. K.
Rover -a Guggenheim engineer - recommended that making Katalla the terminus
would be advantageous because of the
coal - he believed a harbor could be
built. At this juncture, it seems appropriate to quote an article from "Copper
Tints" by Katherine Wilson, Cordova,
1923:

One morning in the autumn of
1905 a newspaper reporter in New
York City made a call upon
Daniel Guggenheim. Through the
chance effects of that. interview
was altered the entire economic
history of Alaska.
Early in the previous year,
backed by eastern capital and
headed by George Cheever
Hazelet, there had come to Alaska
a reconnaissance party •whose
purpose was to fmd a feasible
railway route from tidewater to
Eagle on the Yukon. This party
made two surveys, one up the
Copper River Valley, the other
from Valdez by way of the
military trail over the range. Joining at what is now Willow Creek
these two routes became identical
and continued north to the
Tanana through the richest
mineral belt of the Territory.
Because of the obviously great
engineering difficulties involved
by way of the Copper River
Valley the Valdez trail was determined to be the most practicable route, and was so recom-

CONSTRUCTION CAMP - MILE 49. Copper River crossing between Miles end Childs Glaciers.
Note Copper River just beyond tents with moraine of Childs Glacier
beyond.

1 "A Guide for Alaska Miners Settlers & Totirists, "Copper River Mining Trading & Developnent Co., Seattle, 1902.
. 2 Ibid.
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mended when the two surveys
were sent east to be recorded at
Washington. The survey of the
Valdez route was accordingly
filed with the proper Department,
but through some inadvertence
the Copper River survey was not.
Instead, it was tucked into a
pigeonhole of an official desk in
New York and promptly forgotten - an oversight which was
later to cost the builders a little
matter of a quarter of a million
dollars. Construction work was
started from Valdez under the
direction of Mr. Hazelet and was
proceeding according to schedule
when, one morning, Daniel
Guggenheim submitted to the
interview already mentioned, and
in his enthusiasm announced the
beginning of the railway project
designed to open up to development the varied resources of
Interior Alaska.
That interview was read with
keen interest by a certain intrepid
Irishman, one Michael J. Heney,
who had been the contracting
constructor for the White Pass &
Yukon Railway, the only other
railway line penetrating the
North.
One night that winter, while
operations were halted and operators were outside, there landed
at Valdez from a small and inconspicuous boat, a half dozen
figures. Three of these were white
men, the others Indians. The
former were Michael J. Heney,
contractor; J. H. McPherson, engineer; and Jack Dalton, famous
Alaskan sourdough, packer and
musher. The party lost no time
loitering about Valdez but, their
presence all but unnoted, disappeared up the military road and
over the range.
Some weeks later Heney presented himself at the Guggenheim
headquarters in New York, demanded a hearing and was declaring that the route by way of
Valdez was a gross error, exhibited
a duly recorded survey of the
Copper River route made by himself and companions, who had
come out that way from the
Interior. This had been an unprecedented and hazardous exploit, a survey down the river in
winter being a project fraught
with all but insurmountable difficulties. That the survey was a
more or less sketchy one was
excused by the fact of those difficulties. Consideration of the route
proposed by Heney was given

Vol. 7, No.2

special impetus just then by
reason of the discoveries of
enormous coal deposits in the
Bering River region, only sixty
miles away, which had but recently aroused widespread interest.
Operations on copper
properties of the Interior were
already under way. That a railway
designed to tap the mineral district would enjoy great advantages
through being contiguous to coal
deposits was obvious. At any rate,
as a result of Heney's representa·
tions a council of the powers was
called and despite the emphasis of
the first surveyors that the Copper
River route was not practicable, it
was decided to send out an engineer to further investigate.
This engineer, M. K. Rodgers,
made a casual survey of the
Valdez and Copper River routes,
respectively, and then proceeded
to Katalla in the coal district.
Rodger's report to New York was
enthusiastically in favor of this
point as a basis from which to
build the road. His report was
accordingly adopted, and a million
dollars was appropriated for the
Katalla project.
Meanwhile, M. J . Heney had
begun on his own responsibility,
with the aid of some additional
capital, to build a railway from
what is now Cordova. If this
enterprise was largely a pretense,
designed for later disposal at a
good figure, the plan was wisely
conceived. Attempts at construction at Katalla by the New York
interests proved disastrous. Built
on a wild and unprotected coast,
open to the full sweep of the
terrible winter seas, with the first
big storm of the year the wharf
and artificial breakwater, which
were essential to the scheme, and
which had been partially constructed that season, were completely swept away - a possibility
foreseen by all familiar with the
conditions. A wire to New York
apprising headquarters of this fact
reiterated the protest against continuing the project at Katalla. The
news produced another conference of the powers. But out of
that discussion came one decision
as expressed finally in the
ultimatum of the late J. P.
Morgan. Bringing his fist down on
the conference table the great
fmancier exclaimed, "Whatever
the route, we've got to bring that
copper and coal together."
Another engineer, E. C.
Hawkins, was sent out. Mindful of

the imperative command Hawkins
made a survey of the situation
and determined that if the copper
and coal were to be brought together, the route up the Copper
River was the logical one.
On this route the one recorded
survey was in the name of Michael
J. Heney.
Heney's right of way was
purchased. For this he is understood to have been reimbursed in
stock in the Copper River &
Northwestern Railway to the
value of what his actual construction of the road so far had cost,
an amount approximating a
quarter of a million dollars, together with the contract for building the railway. And therein did
Mr. Heney profit, and the capitalists lose, by that little inadvertence through which was tucked
into a pigeon-hole in a New York
office and promptly forgotten,
the survey of a route made by
their own men.
In the autumn of that year,
1908, following the famous
Ballinger·Pinchot controversy over
the Bering River coal claims, the
Government withdrew from entry
the coal, oil and timber lands of
Alaska. The coal mining industry
collapsed. The Katalla railway
project was abandoned where it
stood. Today, on the sand-buried
tracks there, tottering to decay,
stand loaded freight cars precisely
as they were left when the other
came. All that remains to show for
more than a million dollars and a
year's time and labor expended
are a group of rickety buildings, a
forlorn patch of rails overgrown

with weeds, and heaps of rusted
rolling stock, tools and rotting
ties.
The Copper River & Northwestern Railway was built from
Cordova to Chitina, a distance of
131 miles. Thence a branch line
was extended 65 miles to the
Kennecott mine, which has since
so enormously developed. Completed so far in 1911, the railway
has gone no farther. From the
losses attending the Katalla
project, the excessive cost of the
road over the original estimates,
and the general stagnation in
development following the withdrawal of the coal and oil lands of
the Territory, the builders were
disinclined to continue. That the
copper mines have served as
ample justification for the railway
to this point is evidenced by the
fact that while the construction of
the road cost in the neighborhood
of $23,000,000, there has been
shipped over it to tidewater nearly
$100,000,000 worth of copper
ore.
And thus has it come about
that but for a casual interview in a
New York paper, read by a resourceful and adventurous Irishman, Alaska would probably long
since have had a railway line to
the Tanana. Development, halted
by the locking up of the resources
of the coast, would have proceeded from the Interior. Metal
mining would have progressed,
settlers would have come in, farm
lands would have been taken up.
The Territory would have grown
from within outward, and the
economic history of Alaska during

ROTARY SNOW PLOW. The railroad owned four of the rotary snow
plows; each was pushed by three locomotives.
They operated between Cordova and Tiekel,
mile 101. North of Tiekel the snowfall was so
light that the rotaries were not required.
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the past dozen years would have
been quite a different story.
Incidentally, the United States
Government would have been
spared the necessity of contributing $60,000,000 to build a railway
for its relief.
By such brief accidents are
destinies determined.

The foregoing is one version of how
the Alaska Syndicate overlooked obtaining the right-of-way to build up the
Copper River - there are other versions.
The Copper River and Northwestern
Railroad was a single track standardgauge railroad, laid with native-hewn
hemlock ties and 70 lb. steel for the first
131 miles. Maximum gradient was Y, per
cent and maximum curvature was 10
degrees. The road seaport was Cordova.
From there, the 131-mile long line
extended south and east across the outwash from Sheridan Glacier to Alaganik,
a western slough of the Copper River,
then northeast to the main channel of the
Copper River delta and the first steel
bridge at mile 27. It continued on across
the delta to mile 39, Katalla Junction,
then north for ten miles to the principal
crossing of the Copper at mile 49. It then
followed along the right limit of the
Copper River through Abercrombie
Canyon, across Baird Glacier moraine and
the Allen Glacier outwash to the crossings
of the Tasnuna River and the Tiekel
River. Then it entered Clay Wood Canyon
and followed the river to Chitina. A
branch line using 60-lb. steel crossed the
Copper at Chitina and continued in an
.easterly direction north of the Chitina
River in the foothills of the Wrangell
Mountains, a distance of 65 miles to
Kennicott - the location of the crushers
and concentrators for the Bonanza Mines.
Grade and curvature on this section were ,
compromised to reduce cost: 2.5% grades .
and 14 degree curves.
This route was in virgin country. Even
in 1905, when the route was decided on
by M. J. Heney, very few men had been
through it - just a few prospectors and
traders. There was no access except from
Cordova up the river and from Valdez
over Marshall Pass.
The railroad was actually built as two
separate projects. The first began in the
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One of the three river boats operating on the Copper River.

spring of 1906 when Mike Heney,
financed by the Close Brothers of
London, England, began construction
work on a railroad from Orca Inlet. The
key men who were with him in the building of the Whitepass and Yukon Railroad
from Skagway were again at the helm in
this enterprise. He had built grade as far
as Alaganik when the Alaska Syndicate
bought him out in 1907 and appointed
him grade contractor to construct the
railroad on to the Bonanza Mines. The
Katalla Company, with Chief Engineer
E. C. Hawkins in charge, represented the
owners and actually constructed the steel
bridges.
The Alaska Syndicate planned to ship
the first ore by the fall of 1911; therefore, Heney had but four years in which
to complete the construction. His most
pressing problem was to spread out his
work and transport men, supplies and
equipment up ahead. In 1907, boats were
the only way of gaining access as far as
mile 49. These were double ender boats
pulled up the river by men walking alongside or wading in the river. An idea of the
magnitude of this task can be obtained
by reading the report of Lt. W. R.
Abercrombie who commanded the first
military expedition up this river in 1884.
Here are quotes from sections of this
report:
"June 24. The currents at points
in the river are terrific. On
the towline were several members
of the expedition. The oars became useless in the strong current,
and as the undergrowth grew so
close to the brink of the river and
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was so thick and impenetrable,
the only course left was to wade
up the river bed. At times, members of the expedition plunged
into water over their heads. After
a hard day's work, the expedition
camped on what they took to be
the main channel. The mosquitoes
were fearful.
June 25. As far as the eye could
search were sand islands. Some
were covered with a dense growth
of alder and those that were not
·were covered with drift. A more
ghastly sight is hard to imagine.
This, with the grey-colored waters,
formed a foreground 20 to 30
miles broad, backed by snowcapped and glacier-laden mountains. On the right the expedition
is flanked by range after range
and peak after peak. Wherever the
eye went it met snow and glacier.
July 2. We crossed the river, and
commenced the ascent of the
mountain range on the left. A
sufficient attitude was gained to
see far to the northeast a high wall
of ice visible as far back as the eye
.could see, aided by field glasses.
To the north and almost adjoining
the glacier on the northeast, I saw
another monster glacier moving
off to the northwest. In front and
to the east lay a collection of
small islands surrounded by light
grey liquid. This was the Copper
River that I thought might be
ascended by steamer for 50 or
100 miles.
July 10. The water had now
grown so cold that it was impossible to make any headway against
it. Wading deeper than midway
between the knees and trunk one
would be paralyzed after sub-
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HAULING MATERIA'-' TO THE FRONT. The saddle-tank locomotive is pushing a string of flat
cars loaded with supplies. Note that the railroad grade is not complete.
The skeleton track was laid on a minimum of grede in order to push
forward. It would be raised as crews advanced from behind.

mersion for fifteen or twenty
minutes so that all draft power
was gone for a time, forcing the
men to let go the towline and run
up and down the bank to warm
themselves. The water was running off a bank of ice of many
thousands of acres in extent, and
its effects were beginning to show
themselves upon the men, whose
members were becoming more or
less rheumatic and swollen.
July 13. The reports caused by
falling ice from the face of Childs
Glacier (so called in honor of Mr.
George Washington Childs, of
Philadelphia) and Miles Glacier
(so called in honor of Brig. Gen.
Nelson A. Miles) were. terrific, and
the ice floes in the river at times
precluded all navigation. At this
point the natives begged to go
back and were again bribed to
help the expedition as far as the
lower edge of Miles Glacier, and
accordingly, started across th§
river to its easterly connection."

The foregoing illustrates the conditions
under which the contractor's men worked
in order to get material to the bridge site
for the crossing of the Copper River at
mile 49 during the summer and fall of
1907. To provide access to the Copper
River above the glaciers and Abercrombie
Canyon, and to distribute men, equipment and materials along the route, a
stern-wheeled river steamer was brought
in from Valdez over Marshall Pass and
down the Tasnuna River in the early
spring of 1907. This boat, the Chitina,
was assembled on the Copper River at the
mouth of the Tasnuna and made one trip
up the Chitina River for approximately
40 miles before winter set in . During the
winter of 1907 and 1908, two more
stern - wheeled river steamers were

assembled and used to supply the crews
working along the railroad route.
Today, if one has flown over the area
of Valdez and the Tasnuna River, it is
hard to imagine that three steam boats
could be brought over this route by
horses and double-ender sleds. These
boats were used on the Copper River all
during the construction phase of the railroad and were the only means of access
north of Abercrombie Canyon.
During winter months, freight continued to move up and down the Copper
and Chitina Rivers travelling on the ice
and river bars. It was moved by single
horses pulling double-ender sleds. By
early winter 1908, track had been laid
across the Copper River Flats and to
Katalla Junction, mile 39, and then north

up the Copper River to the crossing at
mile49.
The grade for this track was built by
driving pile trestles over swampy
ground, or laying tracks on the solid
gravel bars (or, in some cases, on the
frozen ground) and then hauling material
from borrow sources where it was loaded
by 2%-yard capacity Atlantic steam
shovels into 6-yard side dump cars or
12 - yard bottom dump gondolas.
The material was then hauled onto the
tracks and dumped. As the grade was
built up, the track was raised until the
desired height of embankment was
obtained.
In order to build grade beyond the
river crossings before the bridges were
completed, tracks were laid across the
frozen rivers. Locomotives, freight cars
and all equipment were then taken across
the river ice. It was possible, therefore, to
complete the grade and the bridges
simu ltaneouslv.
All active construction shut down the
winter of 1908 and 1909; however,
winter freighting continued. In the early
spring of 1909, the work of clearing the
track of ice and snow between Cordova
and the bridge at mile 49 was begun. At

MILES GLACIER BRIDGE. Tracks were laid across the river ice. Dynamite and sacked coal were
two items for which there was a great demand in the camp ahead.

3 Supplementary Expedition into the Copper River Valley, Alaska by Lt. W. R . Abercrombie, Second Infantry, U.S.A.
Vol. 7, No.2
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The beginning of cutting the grade along the river in Abercrombie
Canyon.

one spot on the Copper River Flats, a
delay the previous autumn in the receipt
of steel for a bridge span made it impossible to establish. the required grade, and
for a short distance the track ran along a
slight depression.
Here during a snow storm accompanied
by high wind, a work train carrying 160
men stopped when it ran into a snow
drift that was too much even for
the rotary plow. In three minutes, the
train had disappeared from view, completely covered with snow. The 160 men
dug themselves out of the cars and began
to shovel. They shovelled for hours without any apparent success because of the
drifting snow. The hole the shovel made
was filled before the shovel could be put
back into it. As always, this train was well
provisioned with food, cook stoves and
blankets and the men finally dug their
way back in again. That train remained in
that depression under the snow for 21
days until the storm ceased and the
occupants could dig their way out.
The work of opening the road then
progressed nicely and conditions looked
most encouraging until a lake in a glacier
back from mile 43 broke, spreading water
and ice over 20 miles of track, tearing out
trestles, washing out embankments and
causing serious delays. The track had
been barely repaired and material trains
running smoothly as far as Miles Glacier,
mile 49, when snow slides in Abercrombie
Canyon cut off all communication north
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STATION CREW IN ABERCROMBIE CANYON. Nota the drill steal
leaning against the bank and the sledge hammers
and steel bars held by the men.

of the river crossing. It was now well
along in April of 1909 and supplies and
men had to be put through the Canyon
and rushed up the river or construction
would be delayed. Navigation on the river
would not be open until June. Two
months of valuable time would be lost.
Contractor Heney kept the supplies moving around the slides until the ice on the
river was too rotten to hold them. One
thousand men and a great number of
horses were at the Tasnuna River, 32
miles above Abercrombie Canyon, with
only a week's provisions. The contractor
ordered that these men return to the end
of track at mile 49. They abandoned their
stations and traveled day and night along
the rotten ice of the river, many without
snow shoes and on short rations. But they
did get back to the end of the track.
During the winter of 1909 at Miles
Glacier, the bridge was not yet built and
everything had to be ferried across the
river. When the river froze, preparations
were made to lay a temporary track on
the ice and run the trains right through.
Due to the overflows, the ice would not
stay frozen on top. Alternate freezing and
thawing produced overflows of 4 or 5 feet
of treacherous slush and water on top of
the rough ice. The laying of tracks was
impossible. Even horses used to Alaskan
winters could not make the crossing.
Since every other expedient failed, a sort
of sledge-barge attached to steel cables
was invented. It was operated by donkey
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engines and dragged through the slush
and water and over the rough ice. With
four of these sledges, the thousands of
tons of coal and other supplies began to
move late in the winter.
Meanwhile, since no coal could be had
between this point and the Tiekel River, a
distance of 50 miles, the track had not
been kept open. When the rotary was
started on this stretch, an extraordinary
condition was discovered. The rains had
penetrated the deep snow, packed it, and
had frozen at the bottom so that the

STATION MEN AT WORK. Note the men on
the safety line partly up the rock
face. Everyone is garbed in rain
gear for coastal weather.
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Thera were several of these snow sheds along Abercrombie Canyon. Structually, they are identical
to the snow sheds one still finds on the White Pass & Yukon Railway.

entire 50 miles of track was covered with
from 6 inches to 2 feet of solid ice. The
rotary was driven into this 8 foot face of
ice and snow. It would stick its nose in
and send the snow flying for about 15
feet or more. By then it would have
climbed the ice cap. The next procedure
was to pull it back again when it, of
course, landed with its wheels on the ties.
While one crew got the heavy rotary
plow back on the track, another chopped
out the exposed ice and the entire operation was repeated. It took 31 days of
constant, back-breaking labor to reach
Tiekel with that work crew and rotary
plow - averaging 1% miles every 24
hours. Mr. Hawkins, the Chief Engineer
of the railroad, is the authority for the
statement that the rotary plow went off
the track this way not less than 1,500
times. However, even with the line open
to Tiekel and supplies transported to that
point, the difficulties for that spring were
not ended. The freight still had to be
sledge hauled for 30 to 80 miles with
horses and double-ender sleds. The route
followed the rivers on the ice, the familiar
method of freight transportation in the
northland. But this was no ordinary
winter: a long season of severe cold would
have been welcomed as it would have
made the task a trifling one. Instead, this
winter brought those alternate periods of
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freezing and thawing mentioned earlier.
The ice would overflow with 2 to 4 feet
of water; then this mass would partially
freeze and the new ice would break up
and pile itself into all manner of forms
and shapes and then freeze again. Anyone
experienced in the Arctic has seen how
the northern rivers freeze in the fall into
an extremely rough surface. This was the
condition of the Copper River that
infamous spring.

Over this ever-changing ice field, a long
· and frantic struggle was made to keep a
passable sled road. A large force of men
did northing but build roads. Tons and
tons of brush were cut and sunk into the
soft places. Water was then poured over
the brush to make sledding possible. The
building of a permanent earth road, even
in Alaska where roads are not easy to
build, would have been no more difficult.
Frequently the trail was so deep in
water and slush that a false step would
send the teams floundering over their
depth; often the way was blocked with
ice ridges that had to be cut down with
axes. By this Herculean effort, the Chitina
camps were stocked and manned before
the ice began to go out. Coal and provisions and dynamite were freighted in
and the last gap of the big drive from the
Coast to the Bonanza Mine had begun.
When the ice went out in the spring,
the Tiekel River was crossed at mile 101
and track was laid to the steamer landing
at mile 104 in May of 1910. The three
powerful river steamers built on the
Copper River were then able to supply
the crews working between the end of
track, Chitina and up the Chitina River.
With the exception of problems of
access and supply, the construction effort
on the Copper River and Northwestern
Railway was little different from that
encountered in the construction of a rail-

The Copper River lies to the right and the moraine of Baird Glacier to the left. The track itself lies
on the ice and debris of the moraine; it was, therefore, subject to extensive settlement during the
summer thaw.
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and penetrated 35 to 40 feet below
cutoff.
Many find it interesting to learn that,
when these piers were built in 1907, the
piling were driven with two 2·inch water
jets, one on each side of the piling, and a
4500 lb. drop hammer . These piers were
built to take the force of t he river ice as it
broke up in the spring and were designed
with an ice-breaking cutwater on the nose
to lift and break the river ice. The
concrete piers were const ructed with the
aid of cofferdams. The only unusual
feature of these bridges was, of course,
the ice breaker which was the idea of
E. C. Hawkins and A. C. O'Ne il , the
bridge engineer.

the right of the picture is moraine ice approaching the railroad location.

way outside. There were a few distinct,
very interesting and unique geographical,
geological and meteorological phenomena,
however. As stated previously, this Copper
River route had been examined by other
engineers and explorers but had not been
looked upon too favorably because of the
problems in crossing the 15-mile Copper
River delta, the heavily flowing ice in the
river during break-up and the flowing ice·
bergs from the Miles and Childs Glaciers.
But there were even bigger problems that
had caused access to Interior Alaska
through the Copper River to be ignored
for years. The pass up the river was sur·
rounded on both sides by massive faces of
ice. How did one locate a line and build a
bridge between them? How did one build
a grade on the precipitous wall of
Abercrombie Canyon when the moraine
of Miles Glacier forced the water aga inst
the bottom of the rock wall and the rise
and fall of the river could vary between
20 and 40 feet? How did one construct a
railroad grade on the right limit of the
Copper River over the glacial moraines of
the Baird and Heney Glaciers; and finally,
how did one locate, construct and main·
tain a ra ilroad grade through the Wood
Canyon where the slatey rock dipped
45 degrees into the river?
Michael J. Heney, the successful
Canadian railroad construction contrac·
tor, recognized these problems but, along
with his dedicated crew of engineers and
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construction men, felt that they could be
overcome. In his arrangement with the
Alaska Syndicate, it was his job to construct the grade and the wooden bridges
while E. C. Hawkins, the Chief Engineer
of the Katalla Co., assumed the respon·
sibility of constructing the steel structures. The road as originally built was
15% bridge. Five of those were steel.
Their construction used 20 million
pounds of structural steel. Nine tunnels,
varying in length from 350 to 800 feet ,
were built on the route. There were
3 steel bridges in the delta of the Copper
River. Their piers were founded on piling
that were cut off 14 feet below water

Wherever earth grading was encountered or where the rock work was
light, Mr. Heney, as contractor, performed
the work on a force account basis with
his own men and equipment. Where heavy
rock work in cuts and tunnels was encountered, however, the work was performed on an entirely different basis. It is
an unusually interesting method and was
adopted by the engineer as a result of
experiments with
several different
methods. Th is heavy rock work was done
by independent parties of 12 to 40 men.
Each party subcontracted with the general
contractor to excavate a certain cut or
tunnel at an agreed price per cubic yard.
The subcontractors were supplied with
powder by the Katalla Company and with
camp equipment and tools by the grading
contractor. Once this agreement had been
formalized, the subcontractor became

It is interesting to note that Old No. 50 was the f irst engine brought to work on the Copper River
Railroad by M. J. Heney.
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independent in his execution of the work.
Other than the railroad company engi·
neers setting stakes and checking the
moved yardage, there was no supervision
from the contractor. Each station gang
planned its own method of performing
the work, chose its own bosses, arranged
the working hours and pay methods and
took care of its cooking and living
arrangements. Since each member of the
party was paid in accordance with the
amount of work he accomplished, each
one profited in accordance with his
energy and ambition. Under this
stimulous, the crews frequently worked
14 to 15 hours a day and, of course, as a
result the contractor found this arrange·
ment most satisfactory. Rock excavation
by this method became known as "station
work."
The most interesting feature of this

difficult. Where it was necessary to
excavate in ice, it was a relatively simple
procedure. As would be expected, many
streams were crossed in this 8 miles of
glacial moraine. It was impossible to drive
wooden piling through the ice; therefore,
all piling were steam-thawed into place.
Where fills had to be made, there was an
available wealth of gravel and rocks covering the ice nearby.
The building of this 8·mile section
may not have been particularly difficult
but the maintenance of it was most
extraordinary. As the ice melted during
the summer months, the grade subsided.
The piling settled and, with them, the
bridge caps and bridges. Of course, the
poles or the telephone communication
lines adjacent to the railroad also settled.
A crew of some 30 men were employed
during the summer months who con-
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Observations up to May 31 , 1909,
showed that the maximum variation in
the water elevation was 23 feet. The river
froze at a m in imum elevation from early
January until early May except for a
period of two weeks in February in 1909
when there was a flood which raised the
elevation of the water 22 feet.

The first span is pretty much completed. In the background, note tne
"traveler" in position to begin construction of the trusses of the
second span. Also note the heavy falsework and the rails which carry
the traveler.

This shows the tramway which carried concrete, steel and otner neavy
construction items to the location of the bridge piers; it also shows a
second suspension cable system which carried the walkway and the
8-inch pipe supplying the compressed air to the caisson.

arrangement was the fact that all drilling
was done by hand, either with single
jacking or double jacking. The cost of
drilling with air or steam drills was considered prohibitive. Most of the spoil was
removed in narrow-gauge flat or side
dump cars which were pushed by hand or
hauled by horses to neighboring fills.
North of Abercrombie Canyon where
a tremendous amount of this station work
was performed, the railroad alignment
crossed the terminal moraines of Baird
and Heney Glaciers. It began approximately at mile 56 and left the ice of the
moraine at approximately mile 64. The
construction of the railroad along this
8-mile section was really not extremely

in the early 1900's and both glaciers are
active today. At the time of construction,
these glaciers were moving a measured
distance of 48 inches a day. The location
of the bridge, about a quarter of a mile
upstream from Childs Glacier and a mile
or so below Miles Glacier, was made in
the summer of 1907. Immediately thereafter, meteorological and hydrological
observations were begun at.this location.
Today, it is difficult to realize that no
information of this type was available to
these railroad builders.

stantly filled and raised track, shimmed
bridges, layed one cap on top of another
as the piling settled and installed new
telephone poles alongside the old ones as
they settled into the ice . This work
usually began in early June and was
carried forward until late September or
early October. For the 29 years that the
railroad operated over this section of
track, the Copper River and Northwestern Railroad carried out this maintenance procedure.
At mile 49, the alignment of the railroad passed between Childs Glacier (on
the right limit of the Copper River) and
Miles Glacier (near the left limit of the
Copper River). Both glaciers were active
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The average depth of the snow was
7 feet and the temperature varied from
22° F below zero to 45° F above. The
maximum wind velocity was measured at
84 miles per hour.
In February 1908, Assistant Bridge
Engineer 0. A. Johnson, in addition to
tak ing meteorological observations and
establishing control monuments and base
lines, performed exploratory drilling on
the river bed. Both a Davis Calyx power
drill and a 16 horsepower steam boiler
which operated it were shipped to the end
of the railroad track and hauled 37 miles
by horses to the bridge site. The borings
made through the river ice showed 20
feet of sand and loose gravel. Beyond that
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there was nothing but cemented sand,
gravel, and boulders from one cubic foot
to 20 cubic yards in size.
On February 10, 1909, an ice lake
broke in Miles Glacier and the river rose
20 feet taking the ice out completely.
After the flood, the river froze again but
it broke up early in May.
In the summer of 1907, icebergs, sticking 20 feet out of the water, were
observed passing the bridge site. And in
1908, 50- by 100-foot icebergs were
observed in the channel. These were 8
feet out of the water and moving at the
rate of 7.2 miles per hour notwithstanding the fact that they were dragging on
the river bottom.
To meet these awesome conditions and
to carry the superstructure at a height
sufficient to provide clearance for the
floating icebergs, three massive concrete
piers were built on pneumatic caisson
foundations carried down to a maximum
depth of 44 feet below low water. The
piers, with sharp up-and down-stream
cutwaters, were heavily armored with old
rails. These were set close together in
vertical planes set flush with the battered
surface of the concrete and extended
from low to high water level.
Pier No. 3, which was near the right
limit, was located out of the reach of the
heavy ice flow in the river. Piers 1 and 2
were protected with separate ice-breaker
piers upstream to break or divert the
floating ice and protect the bridge piers
from damage. The piers carried the superstructure 30 feet clear of high water.
The pneumatic caissons were built
entirely of timber, chiefly 12-by 12-inch
Douglas Fir, and were of massive con·
struction. The outside dimensions of the
cutting edge were 70 feet by 32 feet.
Track was laid to the bridge site in
October 1908; the intent was to begin
work on the caissons by March 1, 1909,
in time to erect Caissons No. 1 and No. 2
on the ice and sink them simultaneously.
For this reason, and because of the
distance from supplies, a larger com·
pressor plant than would have otherwise
been necessary was installed. Since severe
weather had prevented the completion of
the grade during the season of 1908,
about 4 miles of track in the delta had
been laid on the ground surface. However, it was so damaged by the flood in
Vol. 7,No.2

Notice the pile trestle which forms the fal-ork on which the trusses were erec:ted.

February 1909 that the last of the
material for one caisson did not arrive at
the site until April 24. By then it was
deemed unwise to erect more than one
caisson on the ice. It could have been
impossible to maintain a caisson in
position after the glacier ice began to
move in the river unless it was sunk
several feet into the ground.
Caisson No. 1 was completed on the
ice May 4; it was immediately lowered to
~e bottom of the river and sinking commenced. River ice broke up on May 9 but
flow from the glacier did not begin until
June 16; however, the cutting edge of the
caisson was below the bed of the river
and the ice did no serious damage.
Caisson No. 3, the northern caisson, was
erected in June on a bar at the pier site
before the river rose. After the river
started dropping in September of 1909,
Caisson No. 2 was erected on an artificial
island built off to the side in 14 feet of
water. To build the island, coal sacks full
of gravel were carried to the site by
cableway and dumped. The caisson
"island" was completed in this manner in
12 days. Air was conveyed to the caissons
by an air supply pipe. It was suspended
from two 1-inch cables that spanned the
river on 60 foot towers and were sup·
ported from a double tower on Caisson
No. 1. The sub-structure work was carried on continually day and night under
the direction of Chief Engineer Hawkins
and Bridge Engineer O'Neil.
The piers were completed in the late
fall of 1909 and it was planned at that
time to erect the steel during the months
29

of winter when the ice was solidly frozen.
Obviously no falsework would stand the
battery of icebergs for a single hour. The
falsework would have to be driven
through the frozen river ice and into the
river bed 40 feet below. However,
difficulties in the eastern steel mills and
winter storms outside of Alaska delayed
the steel delivery for 2 months. The first
shipment of steel did not arrive in Seattle
until March 17, 191 0. Another two
months and the ice would be moving in
the Copper River. It looked as though a
delay of a whole year was inevitable.
On April 5, however, the last piece for
the first two spans was on the ground and
checked. With less than six weeks left at
the most, with only enough bridge
workers to make a single shift and under
the most trying weather conditions, the
work of putting together more than 1100
feet of heavy steel bridge was begun. The
work was completed as follows:
Span No. 1 - 400' - begun
April 5- completed April16
Time - 10% days
Span No. 2 - 300' - begun
April 18 - completed April
24
Time- 6days
Span No. 3 - 450' - begun
May 6 - completed May 16
Time .:.. 10 days
Besides the alternately bitter cold and
sharp thaws, the rain, the sleet and the
raging snow storms, a set of special and
quite extraordinary conditions had to be
met. In the midst of the work, the river
suddenly began to rise. With it was lifted
T;he Northern Engineer

7 feet of ice in which the forest of piles
forming the falsework was solidly frozen.
The destruction of the work was
threatened. The steam from all available
engines was quickly pumped into small
feeder pipes and distributed along the
length of the false work; every man was
set to steam-thawing or cutting the ice
around the piles. The structure was saved
and the ice was kept open around the
piles as ttie river rose 21 feet.
This extraordinary movement of the
river caused still another, more difficult,
problem. The body of river ice began to
move slowly with the current. Sometimes
this was but an inch a day - sometimes
as much as four.
Even the single inch was serious when
it affected the alignment of the great steel
bridge. As fast as the ice moved downstream, it was melted and cut back while
every man that could be spared continued
the work above at top speed. In spite of
every effort, the falsework of Span No. 3,
the crucial one with cantilevered construction, was one day found 15 inches
out of line. Not only that but a 7-foot
thick sheet of river ice was bearing down
upon it with terrific force.
· Mr. Hawkins' private notes stated,
"The falsework under the third span was
15 inches out of place and had to be put
back." Every man in camp was sent down
to cut more than 15 inches of ice away
from the piles. The weight of the steel
span was removed from the falsework by
means of the cantilever supports. This
was a plan which Engineer Hawkins had
prepared for just such an emergency.
Extra piles were sunk through the ice
above the bridge and a powerful tackle
was rigged to them. That whole 450 feet
of heavy piling and super-structure was
pulled back into place against the current
by brute force!
The third span was now almost complete and it was evident that little time
was left. The ice movement was growing
greater almost hourly. The last bolt in the
structure was fastened at midnight on the
16th of May. The great steam "traveler,"
which was supported on falsework on
either side, was moved to the third pier
.and given a temporary resting place there.
The blocks between the steel and the
wooden trestle were knocked out and the
span went to rest on its piers. One hour
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This vi- of the completed structure was taken looking toward Cordova. The span on the fer left
was the first to be erected.

later the ice went out and the whole
network of falsework was destroyed. A
year was gained by that hour and that
year meant a fortune.
Mr. Hawkins, of course, gives the
whole credit to his men. "They were all
at work at seven in the morning in every
weather," he said, "and there was no stop
till noon. When the whistle sounded they
were off like an army of squirrels, racing
top speed for the mess house. A few
minutes later they were racing back to the
work as fast as they went. There they
stayed till eleven o'clock and often till
midnight or more. It was the most amazing exhibition of loyalty, efficiency, and
endurance I have ever known."

Summary of the Project
On the first of April 1906, financed
with london capital, Heney began the
construction of the Copper River and
Northwestern Railroad at a place then
known as Eyak, Alaska, and now known
as Cordova. In late June 1906, Heney
traveled to New York where, after days
of negotiation, he and his associates sold
their entire holdings to the Guggenheims.
All operations at Eyak ceased and the
area soon lapsed back to its fish camp
status. Reorganization took place, however, and after a year's delay, work did
resume in 1907. There was a frenzy of
activity to complete the road for shipping

This pit is located at Mile 5 and is being used today as a source of material for the maintenance of
the highway now located on the railroad bed. The locomotive is the saddle-tank type. The shovel
is powered by steam and the locomotive is pushing a string of dump trucks.
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ore by 1911. The Copper Spike driven in
the last rail at Kennicott on March 29,
1911 marked the end of 3Y:z years of
construction effort .
.The construction job, which at its peak
employed 6,000 men, required 5,680,000
yards of excavation. This included
3,140,000 yards of solid rock. 1,200,000
yards of embankment were placed.
Fifteen per cent of the total length of this
196-mile railroad was built on bridges or
trestles. Between Chitina and Cordova, a
distance of 131 miles, 129 bridges were
built. Five major steel bridges - totaling
4,000 feet in length and containing
10,000 tons of steel - were constructed.
The project was estimated to cost
$20,000,000 and actually cost $23,000,000. It was a tremendous engineering
feat.
The mine and railroad operated from
1911 until 1938, a period of 27 years.
During .that time, this industry provided
employment for approximately 1,000
men working in the mines, on the railroad
and in the shops and offices in Cordova.
When I was a boy I remember that the
Cordova Daily Times often published the
fact that $1,000,000 worth of ore had
been shipped during the previous month.
When the operation ceased on November
11, 1938, copper ore valued at $175,000,000 had been mined, transported to
Cordova and shipped to the smelters in
Tacoma.
The reason given to the press and news
media for halting the operations was lack
of high grade ore. The company said that
the high grade ore was worked out and it
was no longer profitable to operate the
mine. I was last employed as a welder on
the Copper River & Northwestern Railroad in 1936. Prior to that time, in 1931
or 1932, the employees of the Copper
River & Northwestern Railway and the
Kennicott mines had organized to bargain
with the companies. It is my opinion that
the mines were closed and the railroad
operation terminated because the Kennicott Copper Corporation was (at that
time) not about to consider the demands
of the laboring man for equitable salaries
and safe and sanitary working conditions.
I believe the operation was closed partly
to spite the labor organizers and partly
due to the fact that Kennicott, with mines
in the continental United States, South
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Note the two drivers - one on each side of the bridge. The• drivers, together with the - r v
pilina and timber, were permanently located at this bridge to be available in ca. of washouts.

America and elsewhere, could produce
copper elsewhere at less cost than in
Alaska. Why -then, should this company
bother to negotiate with the workers?
It is a known fact that the high grade
ore was not worked out; it has been said
that the operation could have maintained
the 1936-1937 level of production for at
least seven more years. The tragedy is
that there is a good chance that this
highly productive operation could have
continued to this day if the mines had
operated for just one more year. Hitler's
1939 invasion of Poland increased the
price of copper ore and it has been rising
ever since.
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Co-incidentally, Rothman had written an
article on the present status of the KennicottMcCarthy area entitled, "The Streets are
Paved with Copper." I~ appears in the Arctic
Oil Journal, October/November 1970, p. 28.
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LAWS OF ALASKA
1974

INITIATIVE No.

Source
Initiative Approved
August 27, 1974
AN ACT

Relocating the capital of the State of Alaska and providing for selection,
planning and construction at the new location.

BE IT ENACTED BY THE PEOPLE OF THE STATE OF ALASKA:
•

the division of lands. Each location shall be selected with due
regard to its accessibility by road, railroad, 24 hour airline
service, and terrain necessary for airport construction.

Section 1, AS 44.08 is amended by adding new sections to read:
ARTICLE 2. CAPITAL RELOCATION.

Sec. 44.08.140. REPORTS AND HEARINGS. The capital
selection committee shall prepare clear, concise, detailed reports
concerning each of the capital sites selected for distribution to
the citizens of Alaska. The committee shall hold public hearings
in each judicial district within 18 months of December 11, 1974.
The purpose of the hearings is to invite questions and present
facts to the citizens concerning each of the sites.

Sec. 44.08.100. CAPITAL SITE. The capital site of the
State of Alaska shall be selected and located wast of the
meridian 141° wast longitude commonly known as Western
Alaska, as provided in sees. 110- 190 of this chapter.
Sec. 44.08.110. APPOINTMENT OF SITE SELECTION
COMMITTEE. Within 80 days following December 11, 1974, the
governor shall appoint a nine-member capital selection committee composed of one member from the northwest district,
two members from the southeast district, two members from the
central district and three members from the southcentral district,
who shall be appointed on a non-partisan basis. The commissioner of natural resources shall be the ninth member of the
committee. The members shall select a chairman from their
membership. The legislature shall provide funding as required for
the site selection committee.

Sec. 44.06.150. CHOICE OF SITE BY VOTERS. The
qualified voters of Alaska are entitled to vote for any one of the
alternate capital sites selected by the capital selection committee
at the next general election after conclusion of the public hearings. The site receiving the greater number of votes shall be the
site of the new capital city.
Sec. 44.06.160. PLANNING BY LEGIStATURE. The
legislature at its next session following the selection of the new
capital site, shall provide for the planning of subdivision of a
new capital city and district within me bounds of the area
selected, and for the construction of necessary state and public
facilities and for their administration.

Sec. 44.08.120. ASSISTANCE TO 'COMMITTEE. The
capital selection committee shall utilize all the competent
professional and technical services required to assist in the
selection of alternate capital sites. The committee may choose
the consultants which in its judgment are necessary to help in
the site selections. The committee may also request any information on studies which it considers essential from any office or
division of the state.

Sec. 44.06.170. NAME OF CAPITAL CITY. The name of
the capital city shall be selected by the legislature.

Sec. 44.06.180. MOVEMENT TO NEW CAPITAL. The
movement of the seat of government to the new capital city shall
begin not later than October 1, 1980.

Sec. 44.06.130. SELECTION OF POTENTIAL SITES.
.The capital selection committee shall, within 12 months of
December 11, 1974, select not more than three potential capital
sites. None of these sites may be within a radius of 30 miles of
the City of Anchorage or Fairbanks. Each site shall consist of not
less than 100 square miles of land that is owned by or may be
acquired by the state at no charge to the state. This land shall be
contiguous but not necessarily in a rectangular block. Each
location shall be immediately classified as "reserved use land" by

Sec. 44.06.190. STATE EMPLOYEE.S IN JUNEAU. The
transfer of the state government to the new capital city shall be
accomplished so as not to reduce unnecessarily the number of
state employees employed by the state in Juneau.

Certified September 12, 1974
Actual effective date: December 11, 1974

In the l03t issue of The Northern Engineer, we promised a detailed article on the capital site selection process that is cu"ently
underway. Messrs. Lane and Pyle graciously responded to our request for an article which focuses primarily on the engineering considerations of the project. Instead of a lengthy introduction to that article, we are instead presenting the entire text ofInitiative
No. 1 which was passed by the voters of the State of Alaskll in August 1974. We hope this and the ensuing article will better enable
the readers to follow the unique process by which Alaska is choosing its new state capital.
-Editor's Note
Vol. 7,No. 2
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by William Pyle and
leonard D. Lane

Alaska Moves Its Capital
The Site Selection Process: An Engineering Viewpoint

Not since 1910, when Oklahoma
moved its capital from Guthrie to Oklahoma City, has one of the States had an
opportunity to build a capital "from
scratch." Obviously, then, there is a great
national interest in Alaska's decision to
move its capital. All across the country,
professional designers, engineers, archi·
tects and planners - as well as those in
other disciplines such as sociology and
economics - are watching closely for an
opportunity to provide input into what
may very well be a once-in-a-lifetime
situation.
Most, however, are looking past the
site selection stage to the design and con·
struction of buildings, roads and parks.
Yet it is in the early stages that the
management decisions are made which
determine the kind of capital city that
will eventually be created. A city's
environs are what largely determine its
shape, its structure and the life style of
its residents. This makes it essential that
the site selection process be comprehensive and detailed.
It was clearly the intention of
Initiative No. 1 that this be so. According
to the Initiative (see the preceding note),
the Cafital Site Selection Committee
(CSSC) was charged to "utilize all the
competent professional and technical
services required to assist in the selection
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of alternate capital sites." The Committee
was also able to request any information
on studies which it deemed essential
from any office or division of the State.
A Scientific Resource Team was
appointed by the Committee. Its members came from the scientific community
in Alaska and represented the U.S.
Geological Survey, the U.S. Soil Conser·
vation Service, the Alaska Department of
Natural Resources, the Alaska Depart·
ment of Fish and Game, the joint
Federal-State Land Use Planning Com·
mission, the University of Alaska, the
Department of Environmental Conservation, and the Bureau of Land Management.2 At the request of the Capital Site
Selection Committee, the Resource Team
developed a series of 6 basic natural
factors limitations to Capital development.
In February 1975, the firm of
Crittenden, Cassetta, Cannon/Helmuth,
Obata, Kassabaum (CCC/HOK) was
chosen as the prime consultant to the
CSSC. In its proposal, CCC/HOK spe·
cifically addressed itself to utilizing
existing and developed data from federal
and state agencies. Its role was to oversee
all areas of project management and
planning. In the following month, Dames
and Moore - consultants in environmental and applied earth sciences - was

hired by the esse to augment the prime
consultant and to assist it with the
engineering requirements of developing
a new capital site. Dames and Moore was
responsible for considering all natural
factors and their relative importance in
the site selection process. It was felt by
the Committee that data on the natural
factors of any area were only tools for
decision making. The data then had to be
interpreted so that criteria could be
established from them which, in turn,
could be applied to various land areas.
Armed with this expertise, the Capital
Site Selection Committee officially began
work on April 4, 1975. Because of
financial problems with the State budget,
there was a delay of several weeks in the
Committee's operations. The consultants,
however, forged ahead gathering data;
after the monetary crisis had passed, the
esse was once again on schedule.
WORK PLAN STRUCTURE

A list of the Committee members is presented in Appendix A at the end of this article.

The capital site selection process
represents a unique effort. It must consider a series of unprecedented technical,
social, environmental and political
challenges. Like any other long range
planning effort, the project must also
confront the uncertainties which face the
Alaskan future. Perhaps an even more
significant challenge . to the selection
process is the extraordinarily tight time
frame which is outlined in the Initiative.
The site selection process is to be com-

A list of each Team member and his/her agency affiliation is given in Appendix B.

pleted within one year from December
1974.
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Leonard Lane (leftl, Capital Site Selection Committee Executive Director, points out local~s on
the BLM State of Alaska Land Status map. Committee members C. B. Bett~swort~ ~m1ddle,
Ketchikan representative) and Earl Cook (right, Fairbanks team member) rece1ve bnefmg at a
working committee meeting in preparation for Phase II screening decisions of April17.

Work Plan Phases
The work plan which was developed
to meet all these challenges consists of a
cyclical approach. It divides the work
into five basic phases. Each successive
phase is designed to focus in greater and
greater detail on fewer and fewer
potential relocation sites.
During each phase, consideration has.
or will, be given to land status, environmental stability. access constraints,
infrastructure (utility and social services)
requirements and capital definition
program requirements. The level of detail
will become progressively finer by using
in-depth information and. ultimately.
field reconnaissance. The advantage of
this approach is to limit the geographic
areas on which detailed information will
be required for early screening. As the
work progresses, more detailed information will be assembled in the screening
process. However, this information will
be collected on more limited geographic
areas. A second advantage to this
approach is the ability to readjust the
study design at the end of each phase to
reflect the knowledge gained during the
course of the work.
Five basic phases were charted . The
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first three are completed and work is
going on under the fourth at the time of
this writing.
PHASE I

REGIONAL SCREEI\!II'.IG

Phase I site selection was based on an
evaluation of significant natural factors
that were developed by the Resource
Team. The entire state west of meridian
141° W longitude was considered on a
map scale of 1":2,500,000'. Although a
number of social, economic and governmental factors are being considered
during the site selection process, certain
natural limitations were deemed of such
importance as to constitute overriding
site selection criteria for the initial
screening. The Phase I screening also
established the broad natural parameters
for subsequent evaluation at progressively
more detailed map scales. Phase I screening identified three regions for further
study. The 544,400 square miles of
western Alaska were narrowed down to
three broad areas: Cook Inlet region 12,350 square miles; Copper River Valley
region - 2,555 square miles; and Fairbanks/Tanana region - 23,975 square
miles (see Figure 1 ).
The task of the Phase I regional
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screening was achieved through a series
of meetings with members of the Scientific Resource Team. As an initial assignment, each team member was asked to
explain the critical concerns related to
capital site selection within his or her
area of expertise. These concerns were
discussed in separate interviews on March
11 and 12, 1975. Team members were
asked to establish threshold criteria for
measuring these concerns which could be
used to distinguish between areas with
significant limitations to developing a
Capital and areas of less significant
limitations. These "build/no build"
criteria were refined at a group meeting
of the Resource Team on March 12,
1975.
Measurement criteria were evaluated
in terms of their suitability for decision
making at the initial statewide screening
level. It was determined that some
important criteria - such as seismic risk
- could not be represented as build/no
build criteria for Phase I site selection
but would be more meaningfully studied
at later screenings. Six basic natural
factors limitations to Capital developments were agreed upon. These were
water supply. wildlife, soils, permafrost,
climate and elevation limitations. Limitations to surface access, a seventh factor.
was also given general consideration because of the great constraints that the
first six factors placed upon it and it, in
turn, upon site selection. These limitations are discussed in more detail below:

Hydrology: Water Supply
Areas in which sufficient
quantities of surface and sub·
surface water exist to meet
the needs of a capital city of
5,000 to 50,000 people, each
using an average of 250 gallons/day.
Wildlife
Areas in which one or
more wildlife species exhibit
a marked intolerance to
habitat intrusion or alteration.
Soils
Areas which present such
development limitations as
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poor drainage, erosion potential, frost hazards, shallow
depth to bedrock and low
bearing capacity.
Permafrost
Areas with continuous and
discontinuous permafrost, including roadway, building
and utility limitations such
as poor drainage, differential
thawing effects and severe
climate.
Climate
Areas with high winds and
temperature
extremes of
-50° F. and mean winter
temperatures of 8° F, or less;
snowfall buildup of more
than 50 inches, and 24 hour
snowfalls greater than 15
inches more than 10% of the
time.
Topography
Areas in excess of approximately 2000 feet (timberline)
with associated limitations of
higher winds and lower temperatures, steeper slopes and
erosion
conditions, both
stemming from either water
or discontinuous permafrost.
Surface Accessibility

0 F

G U L F

Areas with no present or
planned transportation access
roads or railroads.
Members of the Resource Team then
developed maps of the State showing
build/no build areas for each of the six
factors. These were then presented .at a
meeting on March 19,1975. The mapping
of these factors closely followed information compiled by the Federal-State Land
Use Planning Commission.
It was agreed that the presence of
severe limitations in any one of the areas
mapped was sufficient to eliminate that
area from consideration for Capital
relocation. In addition, because of the
mutually reinforcing effect of different
limitations (such as climate and permafrost). usually the presence of one indicated the presence of others. Thus, there
was sufficient weight of evidence to
conclude that regions could be effectively
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FIGURE 1. Phase 1 regional screening narrowed down western Alaska into three broad areas:
the Cook Inlet region, the Copper River Valley region and the FairbanksfTanana
region.

screened from further consideration for
Capital site selection. It was cautioned,
however, that all lands inside the
boundary of a designated region were not
equally suitable; nor were lands on the
edges of a regional boundary unsuitable
for site selection. For this determination,
these and other limitations were studied
during the more detailed and refined
35

Phase II screening.
PHASE II

SCREENING

Phase II screening was based primarily
on three categories of information. In
addition to the natural factors considered
in Phase I, two other categories were
added: technical factors and land status.
The natural factors category was exThe Northern Engineer

panded by the consultants, Dames and
Moore, to include more refined breakdowns of the original six limitations
proposed by the Scientific Resource.
Team.
A total of 18 screening factors in
these three categories was developed by
the esse based on the data that were
furnished by the aonsultants and the
Resource Team. The Committee developed precise definitions for each
factor which included a high, moderate
and low rating potential for each.
In order to systematically apply the
factors in the remaining regions, these
high, moderate and low ratings were
assigned a numerical value. High was
given a value of 3; moderate was given a
value of 2; and low was assigned a value
of 1. In cases where a definite "no build"
situation existed (e.g., volcanism, seismicity and land status), a factor of 0 was
used. The Committee then assigned a
relative ranking to each factor which
indicated its importance when compared
to all others. These factor rankirgs were
grouped by the Committee into three
levels of importance, and given a numerical value of 3, 2, or 1. Three (3) represented the greatest degree of importance,
and 1 represented the lowest. The 18
factors, together with their importance
rating, were the major site selection
criteria used for the Phase II screening.

TABLE 1
PHASE II SCREENING CRITERIA
Natural Factors
Soils: Load Bearing Capacity

Rating

Criteria Definitions

3

High Potential: Compact, medium to
coarse-grained soils, very firm finegrained soils (cohesive or non-cohesive),
compact or very firm mix-ed soils. If
perennially frozen, soils would have
low ice content and be thaw stable
(i.e., not exhibit strength loss below
normal, long-time thawed values, nor
produce detrimental settlement).

2

ModeraL Potential: Moderately compact, medium to coarse-grained soils,
firm fine-grained soils with medium
plasticity, moderately compact or
mixed soils. If perennially frozen, these
soils would have moderate ice content
and be moderately thaw stable.
Low Potential: Loose, medium to
coarse-grained soils, soft fine-grained
soils with high plasticity, and loose and
soft mixed soils. If perennially frozen,
these soils would have high ice content
and be thaw unstable (i.e., exhibit
significant loss of strength below
normal, long-time, thawed strength
values and/or significant settlement as
a direct result of the melting of the
excess ice within the soil.

3

High Potential: Greater than 10° F.

LAND STATUS

2

As mentioned earlier, this new
category was devised for the Phase II

Moderate Potential: Between -5° F.
to +10° F.

1

Low Potential: Less than -5° F.

screening. To meet the time frame
established by the Initiative, townships
that fell within the three areas under
consideration had to have either been in
patented status or capable of transfer to
patented status by December 1975. In
the case of lands not in patented status,
consideration was dependent upon the
written legal assurances that the land
could be transferred by December 1975.
The written assurances were to be
received by the esse no later than July
15, 1975. The Committee ranked the
lands in this way:

3

Climate/January Mean Temperature

Climate/Annual Snowfall

High Potential: Less than a total of

50 inches of snow per year.
2

Moderate Potential: Between a total of

50- 70 inches of snow per year.
Low Potential: Greater than a total of

70 inches of snow per year.
Hydrology /Flood Plain

3

High Potential: Nonijlacial streams
with narrow, well-defined floodplain
and low channel gradients.

2

Moderate Potential: Streams with
wide, moderately-defined floodplains
and some occurrences of local channel
instability and icings.
Low Potential: Streams in broad,
poorly-defined floodplains which are
subject to extensive channel instability,
icings or glacier outburst flooding.

High Potential: High possibility of having these lands
available in patented status
by December 1975.

Veil. 7. No. 2

3

36

The Northern Engineer

2

Moderate Potential: Moderate
possibility of having these
lands in patented status by
December 1975.

TABLE I, cont'd.

Natural Factors

Rating

Criteria Definitions

3

High Potential: Well established sur·
face water features (streams, lakes,
etc.), good internal drainage, and
depth to water table greater than 30ft.

2

Moderate Potential: Moderately defined surface water features with
occasional low areas and water table
10 to 30 feet deep.

Hydrology /Drainage

Low Potential: Low possibility of having these lands in
patented status by December
1975.
0

Exclusion: Withdrawals for
possible inclusion in the four
national systems (D-2 lands);
withdrawal for Native villages.

NATURAL AND
TECHNICAL FACTORS

Tables 1 and 2 give the ratings and
criteria definitions for the natural factors
and technical factors categories that were
studied under the Phase II screening.
These Phase II site selection criteria
were then applied to the three Phase I
regions at a map scale of 1 ": 1 ,000,000'.
The method for applying the screening
criteria was as follows: first, a base map
was prepared which outlined each township within the remaining regions and
each township was assigned a number.
Using this base, a separate map was
prepared for each of the 18 factors.
These maps separately identified a rating
for each factor by township. In addition,
a separate coding sheet was prepared for
each of the 1 , 1 00 townships under con·
sideration. To determine the value of a
factor in a township, the factor rating
was multiplied by its importance rank·
ing. A township value was determined by
adding the scores of the factor calcula·
tions (factor rating x importance rating)
in each township.
A composite map was then prepared
to represent the "no build" areas of the
State, together with the total factor
scores by township. The composite map
identified areas of high, moderate and
low development based on the township
scores.

Low Potential: Poorly drained areas
with extensive swamps and areas hav·
ing a water table at depths of 0 - 10
feet.
Topography

High Potential: Elevations sea·level to
1,000 feet.

2

Moderate Potential: Elevations 1,000
feet to 2,000 feet.
Low Potential: Elevations in excess of
2,000 feet.

Wildlife

3

High Potential: Greater than two miles
from moose range (all seasons), greater
than five miles from caribou calving
grounds, and greater than 50 miles
from bison calving grounds (except on
the west side of the Copper River).

2

Moderate Potential: Between 0 and 2
miles from moose range (all seasons),
between two and five miles from.
caribou calving grounds, and between
30 and 50 miles from bison calving
grounds.
Low Potential: Within moose range
(all seasons), less than two miles from
caribou calving grounds, and less than
30 miles from bison calving grounds.

Seismicity

Using this information, together with
data on resource potential within the
remaining areas, the Capital Site Selec·
tion Committee identified the seven
development zones that were considered
in the subsequent screenings: the Homer·
Kenai area, the Matanuska Valley area,
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3

High Potential: 100 miles from a fault
(intense ground shaking or faulting).
having caused an 8 magnitude earth·
quake, 60 miles from a fault having
caused a 6 - 7 magnitude earthquake,
or 40 miles from a fault having caused
a 5 magnitude earthquake; and firm
ground with a deep water table and
thin overburden.

2

Moderate Potential: 50 - 100 miles
from a fault having caused an 8 magnitude earthquake, 30 - 60 miles from
a 6 - 7 magnitude earthquake, or 20
- 40 miles from a fault having caused
a 5 magnitude earthquake; and
medium to firm ground conditions
with a shallow to moderately deep
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TABLE I, cont'd.

the Tyonek area, the Susitna Valley area,
the Dunbar area, the Nenana area and the
Big Delta area (see Figure 2).

Natural Factors

These criteria were applied to a nine
square mile "cell" size, instead of the 36
square mile township unit used during
Phase II. Thus, Phase Ill was four times
more refined than Phase II.
A closer look at the remaining lands
called for adjusting the criteria and introducing some new criteria which would
have been inappropriate for the old map
scales. The lands left to evaluate in Phase
Ill were comprised of seven zones which
fell into the larger regions of Fairbanks/
Tanana, Mat-Su Valley and the Kenai
Peninsula. Additional site selection considerations were studied on the basis of
these zones and regions.
These criteria dealt with the land use
implications of resource extraction and
such amenities as recreational opportunities and scenic attributes. Locating a
capital in a region where opportunities

Volcanism

Power Availability

0

Low Potential: Less than 50 miles
from a fault having caused an 8 magnitude earthquake, less than 30 miles
from a fault having caused a 6 - 7
magnitude earthquake, or less than 20
miles from a fault having a caused a
5 magnitude earthquake; and weak
ground with a high water table and
thick overburden.

3

High Potential: Greater than 50 miles
from volcanic center.

2

Moderate Potential: Between 20 miles
and 50 miles from volcanic center.

0

Low Potential: Less than 20 miles
from volcanic center.

3

High Potential: Within 50 miles of an
existing power grid or pipeline.

2

Moderate Potential: Within 100 miles
of an existing power grid or pipeline,
or within 50 miles of a potential
energy source.
Low Potential: Greater than 100 miles
from an existing power grid or pipeline or greater than 50 miles from a
potential energy source.

Water Availability

3

High Potential: 40 million gallons per
day available within 5 miles of proposed location.

2

Moderate Potential: 40 million gallons
per day available within 10 miles of
proposed location.
Low Potential: 40 million gallons per
day available beyond 10 miles of proposed location.

Water Quality

exist for employment in commercial
forestry, in oil, gas, coal and other
mineral extraction industries could
benefit the capital. Not only would
capital residents not be exclusively dependent on government employment,
but a broader employment base and
population size could create more social
and cultural diversity. Although difficult to quantify in the site selection
considerations
are
process,
these
important.
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Criteria Definition
water table and moderately thin overburden.

PHASE Ill:
PRELII\11 1NARY
SCREENING CRITERIA
Phase Ill followed the site selection
principles established in Phase II. Once
again, the Committee considered the
effects of land ownership, natural limitations and the technical factors of air,
road, railroad and utilities service to the
new capital. The composite evaluation of
these factors had resulted in the elimination of two-thirds of the amount of land
with which Phase II had begun. The
remaining lands, some 13,000 square
miles, were evaluated at a much more
detailed scale of 1":250,000' for
Phase Ill.

Rating

3

High Potential: Aquifers or streams
with total dissolved solids less than
500 mg/1 and with no toxic or undesirable elements present.

2

Moderate Potential:
Aquifers or
streams with total dissolved solids less
than 2000 mg/1. Toxic or undesirable
elements may be removed by secondary treatment.
Low Potential: Aquifers or streams
with total dissolved solids greater than
2000 mg/1. Water requires extensive
treatment for removal of toxic or
undesirable elements.

38

The Northern Engineer

TABLE II
The preliminary Phase Ill screening
criteria were as follows:
Land Status
Federal
State
Borough
Private

PHASE II SCREENING CRITERIA
Technical Factors
Road Service

Natural Factors
Earthquake hazards
Foundation stability
Flood hazards
Subsurface drain age
Climatic suitability
Wildlife sensivity
New airport site suitability
Technical Factors: Utilities
Proximity to sand and gravel
sources
Proximity to power sources
Proximity to power systems

Phase IV screening will apply an
additional set of access, environmental
and cost-related criteria to develop
evaluation information with respect to
the four areas selected for further "sitespecific" examination during the Phase
Ill screenings. Transportation and infrastructure costs and requirements will be
refined in greater detail. In addition, on
site field work will be undertaken to
investigate
special engineering and
environmental concerns. Working ideas
for the capital city will be refined to
include more detailed information on
program and community services requirements.
On the basis of these several inputs
and further evaluation, up to three
potential sites will be identified by
December 11, 1975. For each of these
sites, the specific land use concepts will
be prepared, together with detailed
evaluation of the cost requirements at
each site.
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Criteria Definition

3

High Potential: Locations on or within 15 miles or 30 minutes driving time
of existing two-lane (or better) paved
highways.

2

Moderate Potential: Locations within
30 miles or one hour driving time of
existing two-lane (or better) paved
highways.
Low Potential: Locations beyond 30
miles or one hour driving time of
existing two-lane (or better) paved
highways.

Air Service

Technical Factors: Accessibility
Proximity to existing highway and
and rail alignments
Proximity to Alaska population
Proximity to regional services
Proximity to existing ports
Ground and air access

PHASES IV AND V

Rating

3

High Potential: Within 45 minutes
driving time of an existing all-weather
airport with 7,500 foot runways serving other population centers.

2

Moderate Potential: 45 to 75 minutes
driving time from an existing major
airport.
Low Potential: Beyond 1% hour from
an existing major airport is assumed to
require a new airport to handle direct
flight and interlining from the nearest
major airport.

Rail Service

3

High Potential: Location within 15
miles
of
the Alaska Railroad
alignment.

2

Moderate Potential: Within 15 to 30
miles
of
the Alaska
Railroad
alignment.
Low Potential: Beyond 30 miles of
the Alaska Railroad alignment.

Water Transport

3

High Potential: Areas within 100 miles
of year-round port.

2

Moderate Potential: Areas within 100
- 200 miles of year-round port.
Low Potential: Areas beyond 200
miles of year-round port.

Accessibility

3

High Potential: Accessible within four
hour drive by 50% of state population.

2

Moderate Potential: Accessible within
four hour drive by 35% of state
population.
Low Potential: Accessible within four
hour drive by 20% of state population.
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Phase V will consist of a documentation of the selection process and tasks
related to the development of presentation materials. These will communicate
the key differences and similarities
among the selected site alternatives for
public view. The product of Phase V will
be these materials.

...

At the time of this writing, Phase Ill has been
completed. Four areas, located in the Nenana,
Matanuska and Susitna zones, were selected by
the esse for further detailed "site-specific"
examination under Phase IV screening. Because
of the wealth of material that was studied during Phase Ill, The Northern Engineer plans to
print another article in the Fall issue which will
detail the site selection process during it and
subsequent phases.
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FIGURE 2. Phase II screening identified seven developmental zones that were considered in the
subsequent screenings: the Homer-Kenai area, the Matanuska Valley area, the
Tyonek area, the Susitna Valley area, the Dunbar area, the Nenana area and the Big
Delta area.
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by Gil Zemansky

Wastewater
and
Algeska ••
North of the Yukon River

"The revelation I am about to make to you is incomparably bigger than
this business about the water supply being polluted ... "
- Henrik Ibsen

HISTORICAL PERSPECTIVE

1969 seems very far away in retrospect, almost ancient history. In that
year the State of Alaska leased the
Prudhoe Bay oil field and, while other
Americans in far away places were helicoptering into jungles and rice paddies, a
team of State and Federal sanitary engineers conducted a helicopter-borne survey
of oil and geophysical sites on the North
Slope (Day et al., 1969). Of the 65 sites
that were visited, 41 of them were
evaluated with regard to their wastewater
disposal practices. The practices were
generally similar to those found in most
native villages of the time -primitive. At
the majority of the sites, raw wastes were
simply pumped to depressions in the
tundra, natural or excavated. At other
sites, dry collection techniques such as
"honey buckets" were used; wastes were
then hauled away and buried. Outhouses
were in use at four sites. However, early
evidence of inadequate "operator" training was detected at one where it was
noted that " . . .the operator apparently
failed to excavate a pit under the outhouse" and the solids collecting on the
ground were becoming a problem. On the
entire North Slope, only one "operating"
treatment plant existed, an aerated
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lagoon of questionable, but unknown
efficiency (Clark eta1.,1971).
Signs of improvement came in 1970.
For some time, the Alaska Department of
Health and Welfare (ADH&W) had been
drafting guidelines for environmental
health practices in cold regions. The final
draft was issued in August of that year
(ADH&W, 1970) and served to reemphasize the already existing laws as
follows:
1. All wastewater must be
contained and treated in
properly designed and
operated facilities;
2. Plans for such facilities
must be submitted and
approved prior to commencing construction;
3. A permit is required prior
to discharge;
4. The minimum requirement
is
effective secondary
treatment; however, tertiary treatment may be required if considered to be
necessary.
Perhaps as a reaction to the formulation of the guidelines, the pipeline
consortium submitted plans for seven
camps along the proposed pipeline route.

41

They were approved by the ADH&W that
year. These plans included secondary
treatment for wastewaters. In some cases,
plan review apparently occurred during or
after the fact of construction and may
have been only cursory (Von der Haar,
1975). The camps constructed at that
time were small compared to those which
exist today. Although at least several of
these camps had discharges which entered
surface streams directly, discharge permits
were apparently not issued (Von der
Haar, 1975).
Several things should be noted at this
point. First of all, wastewater is the
current "in" term for those unmentionables we never talk about in mixed
company. It's an all inclusive term covering shower and laundry drains (quite
potent wastes in some cases) as well as
toilet drains; it is applicable to all
domestic or industrial wastes, and it
replaces the archaic and pejorative word
"sewage." Second, although the meaning
of "secondary treatment" should be fairly
clear to most sanitary engineers, its
definition has been the subject of much
debate and the State of Alaska has not
seen fit to define it numerically. The past
and present State definition remains " ...
processes that result in the removal of

The Northern Engineer

BEAUFORT SEA

Franklin Bluff

NORTH SLOPE

Happy Volley

__.

Pump Station

_)]

~/
BROOKS
RANGE

DEC approval are required
prior to commencing construction of new facilities
or alteration of existing
ones;
2. A permit is required prior
to discharge;
3. The minimum required
treatment is secondary.
Late in 1973 it was apparent that
construction of the long-awaited pipeline
would soon be authorized. Representatives of the Alyeska Pipeline Service
Company (Aiyeska), working through
Mr. C. Champion (not a sanitary engineer,
Mr. Champion was then working for the
DEC and was later appointed State Pipeline Coordinator). discussed the requirements of plan review and permits at
that time. Although the DEC thought
that all questions concerning plan review
and permits had been cleared up (Hansen,
R., 1974), it soon became evident that
such was not the case.

IN THE BEGINNING

FIGURE 1.

Map of Pipeline Route and Construction Camps North of the Yukon River.

colloidal and dissolved solids from waters
. . . " that are not removed via primary
treatment methods such as sedimentation.
A properly functioning secondary treatment plant should be able to remove on
th.e order of 85 to 95 per cent of the
influent biochemical oxygen demalld
(BOD is a measure of organic pollutants)
and suspended solids (SS). Some states
have, in the past, defined secondary
treatment in terms of per cent removal of
BOD and SS. Colorado, for example,
prescribed that extended aeration of secondary treatment plants achieve greater
than 90 per cent BOD removal (Colorado
Vol. 7, No.2

Department of Health, 1969). The U.S.
Environmental Protection Agency (EPA)
defined secondary treatment in 1973 as
an effluent standard, requiring the 30-day
average for both BOD and SS to be
30 mg/1 or less.
In 1971 the Alaska Department of
Environmental Conservation (DEC) was
established and by 1973, new water
quality and wastewater disposal regulations were promulgated. There was little
change in the basic requirements from the
previous ADH&W regulations as can be
seen below:
1. Plan review and written
42

Pipeline support construction had
begun by March of 1974. Eleven road
and pipeline construction camps and five
pump station camps were to be established north of the Yukon River (NOV)
(Figure 1). By April, ten of the road
camps were already seeing activity and it
was evident that problems were developing. The State Pipeline Coordinator's
Office (SPCO) informed the DEC that
"minimum State criteria" were not being
met (Gilbreth, 1974). This is an important
point. Such notification was necessary
since the proposed, 16-person DEC pipeline monitoring team was still hung up in
State politics at that time (Reinwand,
1975; Brewer, 1974) and the DEC had
not commenced field monitoring of the
pipeline. By the end of May it was
obvious to the untrained eye and nose
that whatever wastewater treatment was
occurring was inadequate. The Alaska
Pipeline Office (APO) went so far as to
warn Alyeska that the situation was in
violation of pollution control stipulations
and that corrective action··hatl to be taken
or the camps might be closed (Turner,
1974). Although the pipeline'stipulations
require compliance with DEC administrative laws, the DEC (having just completed
its first inspection trip to pipeline camps
in two years) did not evidErli:e·'gre-at conThe Northern Engineer

cern. The situation did receive some news
coverage and generated some correspondence and inspection trips by government
and industry. However, it is apparent in
retrospect that the problem was not
solved at that time and that many of the
recommendations that were made, and
which could have been helpful, were not
acted upon (some of these same recommendations were made again in January
and February 1975).
By July 1974, construction of the
haul road was in full swing, all 11 camps
were being built or expanded and I was
hired by the DEC as their first full-time
pipeline monitoring engineer. Although
Randy Bayliss, a DEC engineer working
out of the Juneau office, would work
part-time in Valdez, I remained the only
full-time member of the DEC pipeline
monitoring team until I was transferred
and terminated in February 1975. Also
by July, Alyeska still had not submitted
the required plan review information, did
not have wastewater disposal permits and,
by its own data, was discharging untreated or poorly treated wastes. DEC
Commissioner Max Brewer informed
Alyeska that what it had already submitted "could hardly be considered to be
plans" and that it was "not a good
procedure" to issue permits prior to
review of plans (Brewert 1974). Plan
reviews and permits are, oflcourse, administrative in nature. It would be possible to
build adequate treatment facilities and
operate them properly without such
exercises. Unfortunately, that did not
occur on the pipeline - which is perhaps
why such laws were put on the books. In
May 1975, Alyeska tried a different tack
and requested that the State legislature
change the law. Although a law modifying
permit processing passed the legislature,
it was vetoed in early July 1975 by
Governor Hammond.
MORE OF THE SAME

By September 1974, some of Alyeska's
own engineers were complaining about
both the lack of engineering and planning
which were apparent in the "design" of
the wastewater treatment facilities and
the difficulty in building such facilities
without plans (Nelson, 1974). However,
plan review still received low priority
from Alyeska's Anchorage office. The
DEC complained to Alyeska that the plan
Vol. 7, No.2

review information it had submitted in
October was still lacking in substance and
in accuracy. Alyeska responded in
November by informing the DEC that
proper information would be submitted
in the indefinite future, but that NOY
camps were less than first priority.
Alyeska continued to acknowledge the
appropriateness of plan review and to
promise that information would eventually be submitted. An Alyeska letter in
February 1975 promised that plan review
information would be submitted "after
the current rush to finish camp installations had subsided" (Fisher, 1975).
Apparently the Alyeska Anchorage office
was not aware of the construction and
operation difficulties which were being
encountered and which had been
attributed to poor planning in a December
letter from the Bechtel Camps Construction Manager (Lyda, 1974).
Despite the fact that plans had not
been submitted, in the first three months
of 1975 DEC engineers were sent to
Alyeska camps to give quick on-the-spot
inspections and "interim approvals" in a
pro forma manner. When I went to
Franklin Bluffs and Toolik camps in late
January, plans had not been given me in
advance. I was told at Franklin Bluffs that
the plans had been sent to Fairbanks so
that "as builts" could be drawn and that
the plans were not on site but that some
might be at Toolik. There were none at
Toolik. I sketched the treatment point
flow diagram and piping arrangement on
scratch paper and gave the sketch
"interim" approval. There wasn't much
choice since in both cases the existing
treatment plants were in such bad shape
that almost anything else that water
could be pumped through had to be
better. Later, construction personnel at
camps to the south told me they had
flown to Franklin Bluffs to make their
own sketches and take pictures to aid in
constructing facilities at their camps since
they had not been given plans.
On March 19, 1975, a year after
project construction had begun, permits
to discharge were issued for NOY camps.
Unfortunately, copies of those perm its
were not sent to the DEC Northern
Regional Office in Fairbanks, the office
responsible for monitoring permit compliance. A brief inspection of the self43

monitoring data that Alyeska had
submitted, however inaccurate it may be,
is sufficient to reveal that Alyeska was
not complying with the permits at many
of the NOY camps in March and April
1975. More recent data are not available
as this paper is being written.
WASTEWATER TREATMENT NOY

There are two broad classifications of
treatment plants that can provide secondary treatment, if properly designed,
constructed and operated. These are
biological and physical-chemical. Both
types have been used by Alyeska; however, the trend has been towards
physical-chemical. These treatment plants
are off-the-shelf equipment designed for
temperate zone conditions. No special
consideration was given the nature of
construction camp wastewater or cold
climate location.
The biological treatment plants all
employ the extended aeration, activated
sludge process. Physical-chemical treatment plants come in a variety of line-ups.
Those at Alyeska camps use chemical
sedimentation, filtration and activated
carbon adsorption (either in granular
carbon columns or via addition of
powdered carbon). Treated wastewater is
disinfected by chlorination and discharged.
Treatment plant discharges are directed to excavated lagoons with gravel
berms. The lagoons, in theory, provide
winter holding volume (in case the soil
freezes beneath them and restricts infiltration) and serve_as infiltration-percolation basins in the same manner as a leach
field does for a septic tank. Soil conditions were apparently not carefully
considered for the lagoons NOY. In the
tundra areas, infiltration-percolation into
the shallow, and often already saturated
active layer, results in stagnant ponds of
wastewater adjacent to the lagoons
(Franklin Bluffs, for example). In areas
where the lagoon is adjacent to surface
streams, the percolation into stream
gravels, and then into the stream, is rapid
(Happy Valley's old lagoon and Prospect
camp, for example). Icings may occur in
the winter on the sides of the lagoon
berms as well as down gradient on the
tundra and into frozen streams (Franklin
Bluffs, Happy Valley's old lagoon, Toolik
and Galbraith camps, for example). In
The Northern Engineer

TABLE 1
Raw Wastewater Characteristics
Gallons/Day/Capita

BOD(mg/1)

Source

Range
Average

30- 130
84

400- 800

Clark et. al., 1971

Range
Average

50- 120
84

380- 750

Grainge et. al., 1973

Design
Design

65
70

Range

47- 84

Alyeska (for road-pipeline)
Alyeska (for pump station)
Alyeska (all NOY roadpipeline camps except
Franklin Bluffs for April 1975)

70

Average
Range
Average

216- 1230
609

Alyeska (Chandalar camp
19 May 1974 - 16 January 1975)

Range

243- 1920

Alyeska (Pump Station
Number One 6 December 1974 28 April 1975)

Average
Range

541
67- 83

Average

75

Alyeska (Coldfoot camp 4 - 7
February 1975 with water conservation program in effect)

Typical domestic raw wastewater of medium strength would have a BOD of 200 mg/1 and 200
mg/1 of SS (Metcalf and Eddy, Inc., 1972).
Self-monitoring data of the City of Fairbanks indicate an influent wastewater of 228 mg/1 BOD
and 216 mg/1 SS average for 1974 (City of Fairbanks, 1974).

some cases, lack of soil surveys led to
installation on impervious ground (Old
Man and Five Mile camps, for example).
There is considerable question as to the
potential adverse effect that wastewater
from these lagoons may have on nearby
streams. There has been a lack of stream
sampling to quantify such effects (Joint
Fish and Wildlife Advisory Team, 1974).
Treatment plants were installed in
heated buildings directly on top of 5 to
6 ft.-thick gravel pads. The pad became
the building floor. In some cases, the
tanks were on skids or cribbing while in
other cases, the tanks were placed directly
on top of the pad. Lift stations were used
frequently and often installed into the
pad so that station bottoms had minimal,
if any, gravel separation from the soil.
Degradation of permafrost and settling
has occurred at some camps and frost
heaving has occurred at others, possibly
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aided by water from the frequently
adjacent lagoons. The combination of
ground movements has resulted in substantial treatment plant tank movement
which adversely effects plant performance by moving weirs off level. Tanks
have had to be shimmed up and weirs
re-adjusted. The use of heated buildings
and utilidors has kept wastewater temperatures comparable to those of temperate
climates and therefore temperature has
not effected performance.
Raw wastewater characteristics at

Alyeska camps have been similar to those
mentioned in the literature, although
considerable variation has been seen in
the Alyeska data. Per capita water usage
is generally lower than for the average
municipality and BOD is usually higher.
Complete information is not available at
this time and some of the available information is suspect. Most of the camps did
not have wastewater flow meters until
recently and flow was based on water
supply estimates. Recent wastewater flow
measurements are similar, however. The
analytical data are subject to serious
question because of the non-standard
sampling techniques, occasional evidence
of sample manipulation by operators,
long transit times prior to analysis and
analysis in a laboratory which has not
been rigorously certified. Although the
laboratory in question may be capable,
quality control is not checked by government. Neither the DEC nor any other
government agency has run cross lab
checks on this laboratory. The DEC, as a
matter of fact, has had neither its own
laboratory facilities nor has it made
arrangements to use other facilities. Representative information for water usage
and raw wastewater BOD is shown in
Table 1.
Treatment plant performance in 1974,
as measured by Alyeska's self-monitoring
data, was generally poor when compared
to the present DEC treatment standard
which had been adopted at the request of
Alyeska to be more lenient than the
Federal standard. A minimum of 85 per
cent removal of both BOD and SS is
required in recently issued permits. Relatively good per cent removals of BOD
were frequently paired with exceptionally
low SS per cent removals and effluent
BOD concentrations in excess of 30 mg/1.
The data for Old Man camp on September 13, 1974 are shown in Table 2
and are typical of this situation.
The records of some of the camps

TABLE 2
Old Man Camp Wastewater Treatment
(13 September 1974)

615 mg/1

Influent BOD
Effluent BOD

___I§_mg/1

% BOD Removal

88

44

Influent SS
Effluent SS

% SS Removal

416 mg/1
252 mg/1
39
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TABLE 3
Cold Foot Camp Wastewater Treatment
(November 1974 "Spike")

Date

Effluent BOD

%BOD
Removal

25 Oct
1 Nov
8 Nov
12 Nov
15 Nov
22 Nov

33 mg/1
43 mg/1
159 mg/1
136 mg/1
44 mg/1
44 mg/1

97
97
75
78
92
93

Effluent SS

%SS
*
Removal

27 mg/1
8mg/l
444 mg/1
180 mg/1
44 mg/1
92 mg/1

99
99
-88
8
88
80

*Negative removals indicate washout of sludge stored within the treatment plant and plant process failure.

show periods of relatively good treatment
punctuated by sharp downward "spikes"
when it was likely that the treatment
process failed. Sometimes these "spikes"
were formed by great decreases in BOD
and SS per cent removals, but often BOD
removals did not fall as sharply as SS
removals. One of these "spikes" occurred
at Cold Foot camp in early November
1974. The data are shown in Table 3 and
Figure 2.
Other cam;>s had similar "spikes" from
less than satisfactory performance levels.
For example, as seen in Figure 3,
Chandalar camp per cent BOD removals
were below 85% from June until November and SS removals didn't reach the 85%
mark until December. Obvious "spikes"
occur throughout the entire period of
operation.
NOV camp treatment plan performance can be generally characterized as
poor during the summer of 1974. By
December, improved conditions led to
good treatment; but, by mid-January
1975, the treatment was once again poor.
Treatment generally improved again by
late March 1975 after new physicalchemical treatment plants replaced the
inefficiently operated biological units.
This general trend (remember, the
"spikes" as well as the camp differences)
appears to have been a function of several
factors; however, the data indicate that
the controlling factor was loading rate.
This would be expected for biological
units. Loading rate is a direct function of
camp population. Camp populations were
generally high in the summer of 1974
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during road construction, decreased to
low levels by December and increased to
new highs starting in January. Each treatment plant has manufacturer design loading criteria, analogous in concept to the
red line on an engine tachometer. When
the design loading rate is exceeded, performance will likely decrease. If it is
grP.atly exceeded, process failure will
occur. Loading rates for a biological
plant are specified in terms of hydraulic

capacity (daily average flow and the peak·
to-average flow ratio) and organic
capacity (often expressed in terms of
influent weight of BOD per unit of
aeration tank volume). Physical-chemical
treatment plants are designed for constant flow operation and are theoretically
only limited by hydraulic capacity since
chemical feed rates can be adjusted to
take organic load into ettect.
A very clear indication of the relation-

BOD
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I
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I
I

I

I

VZ-ss

I

50

% Removal

I

I
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I
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I

I

I
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I
I
I
Nov

Nov

"spike"

FIGURE 2.

45

Coldfoot Camp, November 1974 "Spike."
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sample was not necessarily taken for
each influent sample (also, unfortunately,
samples were sometimes grab samples
instead of composites and composites
were not flow-weighted) and vice-versa,

Peak of 267

250

Camp
Population

200

!50

the per cent removals are not a mathematical function of-the indicated influent
and effluent values. The data indicate
that, prior to late October 1974, the

tOO

overloaded condition of the plant prevented adequate performance. In fact,
performance was somewhat worse than
might be expected from a properly
functioning septic tank. When road construction was completed, camp populations decreased and treatment plant
performance improved. However, when
the camp population was again increased
in January 1975, overloading occurred
and performance decreased. When I
inspected the treatment plant on
February 5 and 6, 1975, effluent quality
was poor. The effluent was turbid, dis-

% Removal

FIGURE 3.

Population and Treatment Efficiency at Chandalar Camp's Wastewater Treatment
Plant.

ship between loading rate (and, therefore,
camp
population)
and
treatment
efficiency is seen in Figure 3. Population
was in the vicinity of 250 until late in
October. When population decreased,
treatment efficiency improved markedly.
The treatment plant was clearly and
grossly overloaded. Assuming a per capita
flow rate of 65 gallons/day (the Alyeska
design value), 254 persons in camp and
an influent BOD of 533 mg/1, it can be
seen that the hydraulic load would be
16,510 gal/day (design capacity was
12,000 gal/day); the organic load would
be 74 pounds of BOD/day (design
capacity was 32 pounds of BOD/day). It's
no wonder that process failure occurred.
When I inspected this treatment plant in
August 1974, the effluent was badly
discolored and contained gross quantities
of solids.
The monitoring data for Chandalar
camp are shown in Table 4 and graphed
in Figure 3. It should be noted here that
the maximum, average and minimum
values in Tables 4 and 5 are based on all
available data for a given parameter. For
example, of all the analyses of the
influent waste conducted between 18
May and 17 October, the maximum BOD
detected was 788 mg/1. Since an effluent
Vol. 7, No.2

colored and carried considerable levels of
visible suspended and settleable solids.

TABLE 4
Chandalar Camp Wastewater Treatment

Time Frame and
Parameter

*

Influent (mg/1)

Effluent (mg/1)

Maximum BOD
Average BOD
Minimum BOD

788
557
216

420
192
93

Highest Reported
Average Reported
Lowest Reported

Maximum SS
Average SS
Minimum SS

555
294
92

533
247
104

Highest Reported
81
Average Reported
9
Lowest Reported -257

Maximum BOD
Average BOD
Minimum BOD

1230
673
465

104
41
12

Highest Reported
Average Reported
Lowest Reported

98
94
85

Maximum SS
Average SS
Minimum SS

1190
388
156

224
100
4

Highest Reported
Average Reported
Lowest Reported

97
68
28

378
182

70
118

%Removal

19 May 74- 17 Oct 74
83
60
4

24 Oct 74- 16 Jan 75

23 Jan 75
BOD

ss

82
35

*Removals are calculated from raw data and only where influent and effluent values existed for
the same day (see page 46 in text).
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TABLE 5
Pump Station Number One Wastewater Treatment
6 Dec 74- 28 Apr 75
Maximum BOD
Average BOD
Minimum BOD
Maximum SS
Average SS
Minimum SS

%Removal

Influent (mg/1)

Effluent (mg/1)

1920
541
243

182
116
40

Highest Reported
Average Reported
Lowest Reported

94
75
33

640
395
224

32
9
2

Highest Reported
Average Reported
Lowest Reported

99
97
85

*

*Removals are calculated from raw data and only where influent and effluent values existed for
the same day (see page 46 in text).

The effluent settleable solids were
measured to be higher than the influent.
TREATMENT PLANT FAILURESOTHER EXAMPLES
Very similar and obvious treatment
plant failures occurred at Happy Valley
camp in October and November 1974 and
Five Mile camp in January and February
1975. The similarity comes from the fact
that, in each case, Alyeska increased
camp populations from acceptable levels
to levels which caused gross overloading
of the treatment plant. In both cases I
was present at the treatment plant riear
the time that failure occurred and
witnessed gross quantities of solids
(sludge) passing over the treatment plant
weirs and being discharged. Another DEC
engineer was a corroborating witness at
Five Mile camp. Although I issued a
notice of violation of State laws to the
Alyeska Project Engineer at each camp
and discussed each case as a follow-up
measure with Frank Fisher, Alyeska's
Manager of Environmental Protection,
effective corrective action did not occur.
The Happy Valley failure took place
on or before October 30, 1974. Camp
population had been slowly increased
over the preceeding 2-month period. Data
indicated the treatment plant to' be both
hydraulically and organically overloaded.
A representative of Dames and Moore,
Alyeska's consultants, witnessed a "severe
sludge carryover" (not reported to the
DEC which in itself is a violation of State
laws) on September 19 and 20, 1974 and
recommended that Alyeska take correc-
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tive action. No action was taken and the
camp population continued to climb.
After the failure, Alyeska did not increase
the treatment plant capacity or reduce
the loading by decreasing the camp
population. Alyeska would not consider
taking personnel out of the camp until
road construction in that section was
completed for the year. When I reinspected the treatment plant two and
three weeks later in November, plant
conditions had not materially improved.
The effluent quality was running about
100 ml/1 settleable solids, 400 mg/1 SS
and 200 mg/1 BOD during this period. By
late November, road construction near
Happy Valley was completed for the
year and personnel were removed. By
December, wastewater treatment efficiency had improved.
At Five Mile camp, the data also
indicated both hydraulic and organic
overloading. Failure took place on or
about January 24, 1975. Upon re-inspection on February 7, the influent SS was
measured at 214 mg/1 while the effluent
was measured at 3,248 mg/1. Population
had not been reduced and the treatment
plant was still overloaded. It was finally
replaced by a new treatment plant which
had been rapidly constructed and, as
indicated by the April self-monitoring
data, is operating poorly.
At both Happy Valley and Five Mile
camps the appropriate action would have
been to reduce hydraulic and organic
overloading to within plant capability.
This could only have been accomplished
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promptly by reducing the number of
personnel in the camps. The water conservation measures (including water hours
at Happy Valley) that were taken were
inadequate to solve the problem (other
similarly inadequate measures were also
taken at Five Mile). These plant failures
should never have occurred since they
were easily foreseeable. They could have
been prevented by adequate planning and
design and were preceded by warnings
from both Dames and Moore and DEC
representatives. Figures 4 and 5 are
photographs which indicate the character
of the effluent being discharged and the
condition of the treatment plants at the
times shown.
The examples presented here are· only
a few of the many which can be
documented by Alyeska's self-monitoring
data or field inspection reports which I
prepared. It would require a fairly
lengthy book to catalog them all. During
the period in which I inspected Alyeska
camps .NOY, biological treatment plants
were in operation at all except Toolik.
New physical-chemical treatment plants
to serve both the greatly expanded camps
for pipeline construction and the new
pump stations were being installed and
were beginning operation. The data available for these plants indicate their initial
performance to be somewhat better than
the overloaded biological plants they
replaced. However, there are instances of
non-compliance with recently issued
permits. Since the treatment plants use
filters, the SS requirements should be
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FIGURE 4.

Happy Valley Camp. A sample of effluent on the left and aeration tank mixed liquor
on the right after five hours of settling in one liter cones. The physical appear·
ance of the samples before and after settling were similar. The supernatant of
the settled samples is turbid and contains a significant quantity of visible
suspended solids. The settled solids are reddish-brown in color and are identi·
cal in appearance for each sample except that a small amount of black
granular solids are in the mixed liquor sample. Nearly as much sludge is in the
effluent sample as is in the mixed liquor sample, approximately 80 ml/1.
(2200 31 October 1974)

FIGURE 5. Five Mile Camp. A
sample of the effluent which shows the
high level of solids
present. Settleable
solids measured in
excess of 900 ml/1
indicating the poor
settling quality of
the sludge being
discharged.
Later
analysis revealed SS
in excess of 3,000
mg/1. The color was
gray-black.
(1415
7 February 1975)
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attainable; however, BOD requirements
may be difficult to reliably achieve.
Furthermore, SS requirements have
apparently not been met at some of the
camps. The physical-chemical units also
require more maintenance and supply
support as well as greater operator atten·
tion. These factors make satisfactory
operation more difficult to achieve than
with bio_logical units, all other factors
being equal. Two different brands of
plants are being used, one at pipeline
camps (using powdered· activated carbon
to remove BOD) and one at pump station
camps (using granular carbon in columns
to remove BOD). Problems are inherent
with either method of carbon adsorption.
Carbon columns must be carefully
monitored to determine column exhaustion so that the medium can be changed
(granular carbon is destroyed after initial
use rather than regenerated for repeated
use) prior to a drop in effluent quality.
The use of powdered carbon results in a
greater daily amount of sludge that
requires processing. The use of activated
carbon in either line-up may not achieve
adequate BOD removals, depending on
the form and composition of influent
wastewater. With proper operation of the
plant, BOD removal efficiencies as low as
65% may occur (Hansen, S. P., 1974).
The Toolik treatment plant performed
poorly last year. It was the initial
physical-chemical treatment plant on the
pipeline. Exactly how poorly it per·
formed is difficult to say in terms of per
cent removal since the influent sample
was apparently taken at the wrong
location. Data are presented in Figure 6
to illustrate the effect that sampling at
the wrong location can have on per cent
removal values (using actual values seen at
Toolik for points 2 and 3 and "average"
expected values at point 1 ). This becomes
very important if the standard in permits
is set on the basis of per cent removal.
The abnormally high influent concentrations seen at Toolik are explainable for a
sample being taken at point 2. Various
recycle flows are returned to the surge
tank which may contain high concentrations of BOD and SS that are not filtered
out. The per cent removals reported by
Alyeska, based on the amount removed
between points 2 and 3, are considerably
higher than the probable actual per cent
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removals, measured between points 1 and
3. In the case shown in Figure 6, that
difference would have made non-compliance worse with regard to per cent BOD
removal and would have brought the per
cent SS removal from apparent compliance to non-compliance. Permits require
that
Alyeska take "representative
samples" and submit procedures to the
DEC, presumably for a check of adequacy
and approval. At the time I was terminated, Alyeska was sampling at the wrong
location (point 2) and had fiOt submitted
the required information. My requests to
the DEC for information on this matter
have gone unanswered for nearly four
months even though they were made in
response to public notice and were sent
by certified mail. Therefore I assume that
the DEC is also allowing Alyeska noncompliance with this aspect of the permit.
Figure 6 would indicate that physicalchemical treatment plant efficiency and
effluent quality which were far below
applicable standards occurred at Toolik
last year with the older equipment. As
indicated by the data in Table 5 for Pump
Station One, the new equipment has not
automatically solved the problem. Table
5 includes all the monitoring data available for Pump Station One at this time.
SUMMARY AND CONCLUSIONS
Wastewater treatment at Alyeska
camps NOV has been unsatisfactory during the first year of pipeline construction
operations. The apparent lack of planning
and poor management on the part of
Alyeska resulted in treatment plant
failures (caused primar'ily by camp populations grossly in excess of equipment
capacity), in the failure to meet minimum
State standards and in the discharge of
wastes to the environment with subsequent pollution and potential health
hazards. The new physical-chemical treat·
ment plants which have replaced the
biological treatment units (after a last
round of failures despite warnings) have
not proven satisfactory during initial
operations. All Alyeska camps NOV were
in violation of State laws requiring plan
review and permits. The treatment plant
failures repeatedly placed camps NOV in
violation of various other provisions of
State water quality standards or waste
disposal regulations. Self-monitoring data
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Estimated
Point I

Measured
Point 2

Surge
Tonk

945 mg/1 BOD
1662 mg/1

600 mg/1 BOD
350 mg/ 1

Measured
Point 3

Physical
Chemical
Treatment
Plant

187 mg/1 BOD
57 m\l/1

ss

ss

ss

Sludge and Backwash
Bell
Filter
Reported % Removal Based on Points 2 and 3:
BOD - 78"/o Removal

SS

96% Removal

Actual % Removal Based on Points I and 3:
BOD -

69% Removal

SS - 84 % Removal

FIGURE 6. Treatment Efficiency as Influenced by Location of Sampling Points at Toolik Camp.

for March and April 1975 indicate that
recently issued permits are not ·being
complied with.
Concurrent with Alyeska's violations
has been a lack of action by the State and
Federal agencies. Stipulations and existing State and Federal laws have been
routinely violated without enforcement
action by responsible agencies. The DEC
has been the primary agency at fault in
this regard because of the circumstances
of the law. Having issued warnings to
Alyeska, the DEC failed· to take action
when the consortium continued to violate
State laws. Treatment plant and design
failures led to pollution of the environment and potential health hazards. The
effect of the DEC policy has been to
attempt to ignore the identified problems
rather than to deal effectively with them.
The situation raises a series of
important questions that demand an
answer from both industry and government:
1. Why has a consortium of some
of the world's largest oil companies been
unable to adequately deal with a problem
as mundane as proper treatment of its
own wastewater?
2. Why have government regulatory
agencies allowed the violation of laws
designed to protect the environment and
the public health?
3. Whereas it may be obvious why
industry has attempted to maintain
secrecy concerning the two questions
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above, why have both State and Federal
government agencies restricted, hampered,
and at times refused the public access to
public information on this matter?
4. If we know these facts concerning one portion of the project, can we
expect any better on other portions of
this project or on future projects?
5. If, as some argue, the national
defense requirement for energy is so over·
whelming that environmental and health
laws and stipulations must be set aside (is
it really in the best interest of the country
or only in Alyeska's economic interest?),
then why isn't it done in a straight·
forward manner by legislative action with
public notice and input?
The technology to solve the problems
described in this article has been and is
available. The laws, guidelines and stipulations requiring their solution were well
known and agreed to by contract. Both
industry and government have obligations
and responsibilities to the people of
Alaska. Will Alaskans require that they be
fulfilled?
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Letter to the Editor
Dear Editor:
This letter is written in reference to our article, "Katie's Floeberg," which appeared in the
Spring 1975 issue of The Northern Engineer (Vol. 7, no. 1). Since that article, new information has
been obtained regarding the permanence of the grounded ice feature we called "Katie's Floeberg."
In our article, we implied that the "floeberg" has been a permanent feature at least since 1972.
Recently, as a result of a very thorough search of existing data, we have found evidence that, in
some years, Katie's floeberg may disappear entirely in the early Fall and reform in the winter
months. The evidence for this is as follows: On the 2 September 1973 Landsat image containing
the floeberg (Figure 1 ), it has diminished in size approximately 1% by 2 kilometers. Unfortunately, there are no other cloud-free images of the floeberg in 1973. However, ·in 1974, there are
several clear images from both Landsat and NOAA II. In tl1e Landsat image (1750-22161) of 12
August 1974, the feature was 14 km long and 5 km wide. It was still visible on the NOAA II image
of 7 September 1974. But then clouds obscured the area until 4 October. On the 4 October
Landsat image (1803-22083) there were regularly spaced, small clouds approximately 1 km in
diameter obscuring the area. No trace of the feature can be seen; hence, if it did exist at that time,
it had to be less than 1 km in diameter and fortuitously located directly beneath one of these
clouds. One NOAA II image obtained for this date shows these clouds in a less opaque state, and
while sea ice can be identified to the north of the floeberg location, no hint of the feature can be
seen at its well-known location.
Thus there seems to be strong, although not conclusive, evidence that the ice feature may
disappear completely in early Fall in some years. One would anticipate that it is then re-created
during the following winter when pack ice with a sufficient keel moves onto the shoals. After the
initial grounding, perhaps other ice is piled and added to the feature as we illustrated in our article.
Hopefully the increased sea ice reconnaissance activities related to the BLM/MOAA outer
continental shelf study program will yield more definitive information concerning the growth and
decay of this interesting ice feature.
Sincerely yours,
W. J. Stringer
S. A. Barrett

FIGURE 1. Landsat image E-1406-22131-7,
2 September 1973. The arrow
points to the floeberg.
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CALL FOR PAPERS
SECOND INTERNATIONAL SYMPOSIUM ON COLD REGIONS ENGINEERING
August 12 -14, 1976

5TH YUKON NORTHERN
RESOURCE CONFERENCE
Whitehorse, Yukon
sponsored by
Whitehorse Chamber of Commerce
and
Yukon Chamber of Mines
October 22- 24, 1975
*Mineral Development
• Energy
* Transportation
• Human Resources
• Renewable Resources

For pre-registration
write to:

and

information

A. C. Ogilvy, P. Eng.
General Secretary,
Yukon Northern Resource Conference
P. 0. Box 4427
Whitehorse, Yukon
Canada
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University of Alaska, Fairbanks, Alaska

The symposium is the successor to the highly successful Cold Regions Engineering Symposium held at the University of Alaska in August, 1970.
The North has seen tremendous developments since that date and the
symposium will offer engineers a chance to meet and exchange information and
experience. Subject areas will include transportation facilities, sanitary engineering,
utilities, pipelines, energy conservation, structures, foundations, and construction
operations as related to the special problems of the cold regions.
The Symposium Organization Committee invites relevant engineering papers.
Abstracts are requested by May 15, 1976, and a selection of papers to be presented
will be based on a review of the abstracts. Communications and abstracts (one page or
less) should be sent to the organization committee:
Cold Regions Engineers Professional Association
c/o Dept. of Civil Engineering
University of Alaska
Fairbanks, Alaska 99701
Sponsored by the Cold Regions Engineers Professional Association in cooperation with:
Department of Civil Engineering, University of Alaska
Alaskan Projects Office, CAREL
Alaska Section, ASCE
Alaska Department of Highways
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